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In  the  Senate  op  the  United  States, 

May  5,  1880. 

The  following  resolution  was  agreed  to  by  the  Senate  December  16,  1879,  and  con- 
curred in  by  the  House  of  Representatives  May  5,  1880 : 

Resolved  by  the  Senate,  the  House  of  Representatives  concurring,  That  three  thousand 
copies  of  the  report  of  the  Board  to  Test  Iron,  Steel,  and  Other  Metals  be  printed  for 
the  use  of  Congress,  one  thousand  for  the  use  of  the  Senate  and  two  thousand  for  the 
use  of  the  House. 

Attest:  JNO.  C.  BURCH, 

Secretary. 


REPORT 


United  States  Boaed  fob  Testing  Iron,  Steel,  &o., 

Watertown  Arsenal,  Mass.,  June  8,  1878. 

Sib  :  I  have  the  honor  to  report  that  the  Board  for  Testing  Iron,  Steel, 
and  Other  Metals,  appointed  by  the  President  of  the  United  States  in 
his  order  dated  Executive  Mansion,  March  25, 1875.  in  accordance  with 
the  provisions  of  the  fourth  section  of  the  act  entitled  "An  act  making 
appropriations  for  sundry  civil  expenses  of  the  government  for  the  fiscal 
year  ending  June  30, 1876,  and  for  other  purposes,"  approved  March  3, 
1875,  met  at  Watertown  arsenal,  Mass.,  on  the  15th  of  April,  1875. 

There  were  present  Lieut.  Col.  T.  T.  S.  Laidley,  Ordnance  Department, 
U.  S.  A.,  president  of  the  Board;  Commander  L.  A.  Beardslee,  U.  S.  N.; 
Lieut.  Col.  Q.  A.  Gillmore,  Engineer  Department  U.  S.  A. ;  David  Smith, 
chief  engineer  U.  S.  N.;  W.  Sooy  Smith,  civil  engineer;  A.  L.  Holley, 
civil  engineer;  B.  H.  Thurston,  civil  engineer. 

The  instructions  of  the  Board  prescribed  their  duties,  which  were  to 
"  determine,  by  actual  tests,  the  strength  and  value  of  all  kinds  of  iron, 
steel,  and  other  metals  which  may  be  submitted  to  them,  or  by  them 
procured,  and  to  prepare  tables  which  will  exhibit  the  strength  and  value 
of  said  materials  for  construction  and  mechanical  purposes,  and  to  pro- 
vide for  the  building  of  a  suitable  machine  for  establishing  such  tests, 
the  machine  to  be  set  up  and  maintained  at  the  Watertown  arsenal." 

The  Board  proceeded  to  organize  committees  which  were  charged  with 
the  prosecution  of  such  work  as  cQuld  be  carried  on  with  the  means  at 
the  command  of  the  Board,  and  with  such  machine?  as  could  be  made 
available  for  the  purposes  during  the  time  that  the  large  testing-machine 
should  be  in  process  of  construction. 

To  these  committees  was  severally  referred  the  consideration  of  the 
following  subjects: 

Abrasion  and  wear. — To  examine  and  report  upon  the  abrasion  and 
wear  of  railway  wheels,  axles,  rails,  and  other  materials  under  the  con- 
ditions of  actual  use. 

Armor-plate.— To  make  tests  of  armor-plate;  to  collect  data  derived 
from  experiments  already  made  to  determine  the  characteristics  of  metal 
suitable  for  such  use. 

Chemical  research. — To  plan  and  conduct  investigations  of  the  mutual 
relations  of  the  chemical  and  mechanical  properties  of  metals. 

Chains  and  urire  ropes. — To  determine  the  character  of  iron  best  adapted 
for  chain  cables;  the  best  form  and  proportions  of  link,  and  the  qualities 
of  metal  used  in  the  manufacture  of  iron  and  steel  wire  rope. 

Corrosion  of  metals. — To  investigate  the  subject  of  the  corrosion  of 
metals  under  the  conditions  of  actual  use. 

The  effects  of  temperature. — To  investigate  the  effects  of  variations  of 
temperature  upon  the  strength  and  other  qualities  of  iron,  steel,  and  other 
metals 

Qirders  and  columns. — To  arrange  and  conduct  experiments  to  deter- 
mine the  laws  of  resistance  of  beams,  girders,  and  columns  to  change  of 
form  and  to  fracture. 
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Iron,  malleable. — To  examine  and  report  npon  the  mechanical  and 
physical  properties  of  wrought  iron. 

Iron,  cast. — To  consider  and  report  npon  the  mechanical  and  physical 
properties  of  cast  iron. 

Metallic  alloys. — To  assume  charge  of  a  series  of  experiments  on  the 
characteristics  of  alloys  and  an  investigation  of  the  laws  of  combination. 

Ortfwgonal  simultaneous  strains. — To  plan  and  conduct  a  series  of  ex- 
periments on  simultaneous  orthogonal  strains,  with  a  view  to  the  deter- 
mination of  laws  governing  the  same. 

Physical  phenomena. — To  make  a  special  investigation  of  the  physical 
phenomena  accompanying  the  distortion  and  rupture  of  metals. 

Reheating  and  rerolling. — To  observe  and  to  experiment  upon  the  effects 
of  reheating,  rerolling,  or  otherwise  reworking;  of  hammering,  as  com- 
pared with  rolling,  and  of  annealing  the  metals. 

Steels  produced  by  modem  processes. — To  investigate  the  constitution 
and  characteristics  of  steels  made  by  the  Bessemer,  open  hearth,  and 
other  modern  methods. 

Steels  for  tools.— To  determine  the  constitution  and  characteristics  and 
the  special  adaptations  of  steels  used  for  tools. 

Proposals  were  invited  for  the  construction  of  a  testing-machine  capa- 
ble of  exerting  and  measuring  a  strain  of  tension  and  compression  of 
800,000  pounds,  and  on  the  19th  of  June,  1875,  a  contract  was  made  with 
Mr.  A.  H.  Emery,  of  New  York  City,  for  the  construction  of  such  a  ma- 
chine, to  be  completed  in  five  months  from  the  date  of  signing. 

Owing  to  unexpected  difficulties,  common  in  the  development  of  new 
and  untried  constructions,  the  contractor,  without  any  fault  or  negligence 
on  his  part,  so  far  as  known  to  the  Board,  has  failed  as  yet  to  bring  his 
work  to  a  satisfactory  conclusion.  The  foundation  of  the  machine  has 
been  laid  in  a  manner  to  meet  the  heavy  strain  that  will  be  brought 
upon  it  at  the  moment  of  rupture  of  large  specimens ;  the  track  has  been 
laid,  and  portions  of  the  straining-apparatus  and  the  pump  have  been 
erected  at  this  arsenal.  The  contractor  found  in  the  course  of  numerous 
tests  with  the  gauges  for  the  machine  that  he  could  improve  them,  and 
they  have  all  been  reconstructed  and  thoroughly  tested,  and  are  now 
highly  satisfactory  in  their  construction  and  action.  In  testing  the  large 
scale  several  changes  were  found  desirable,  and  a  very  considerable  por- 
tion has  been  made  over,  embracing  all  the  desired  changes,  and  it  is 
now  being  thoroughly  tested  preparatory  to  its  final  rating  and  adjust- 
ment. These  alterations  and  tests  have  consumed  much  more  time  than 
was  expected,  but  the  contractor  now  hopes  to  have  the  tests  completed 
and  the  whole  machine  in  operation  during  the  present  month. 

The  Board  has  established  in  one  of  the  buildings  at  this  arsenal  a 
chemical  laboratory,  which  has  been  fitted  up  and  furnished  under  the 
direction  of  Mr.  Andrew  A.  Blair,  of  Saint  Louis,  who  has  been  appointed 
chemist  to  the  Board.  It  is  complete  in  all  its  appointments,  and  pro- 
vided with  every  convenience  for  facilitating  the  kind  of  work  for  which 
it  was  intended.  Mr.  Blair  has  analyzed  213  steels  and  irons  and  240 
alloys,  the  physical  properties  of  which  have  been  tested.  The  Board  has 
every  reason  to  congratulate  itself  on  securing  the  services  of  so  able  a 
chemist.  Mr.  Blair  has  worked,  I  can  say,  with  untiring  industry  and 
thorough  conscientiousness,  equaled  only  by  his  eminent  skill. 

The  confidence  to  be  placed  in  the  results  obtained  by  analysis  de- 
pends much  upon  the  methods  which  have  been  employed.  If  the 
method  be  defective,  no  manipulation,  however  skillful,  can  produce  re- 
liable results.  In  order  that  it  may  be  seen  what  methods  have  been 
used,  and  their  accuracy  thoroughly  tested,  if  desired,  Mr.  Blair  has 
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given  in  his  report,  which  is  forwarded  herewith,  a  description  of  all  the 
methods  used  by  him,  some  of  which  are  old  and  well  known,  and  others 
are  of  his  own  devising.  Some  of  the  latter  which  have  become  known 
have  received  favorable  commendation,  and  it  is  believed  that  his  report 
will  be  a  valuable  contribution  to  this  branch  of  scientific  investigation. 
In  the  selection  of  methods  he  has  chosen  those  which  insure  accurate 
results  rather  than  economy  of  labor. 

The  committee  on  metallic  alloys  has  made  a  thorough  investigation 
of  the  strength  and  other  properties  of  bronzes,  brasses,  and  the  triple 
alloys  of  copper,  tin,  and  zinc  in  castings  of  small  size.  The  exj>eriuients 
were  made,  under  the  direction  of  Prof.  R.  H.  Thurston,  chairman,  in  the 
mechanical  laboratory  of  the  Stevens  Institute  of  Technology,  the  Board 
paying  the  customary  charges  for  the  use  of  machines,  tools,  &c. 

The  metals  were  first  weighed  out  carefully  in  given  proportions,  and 
cast  in  bars  28  inches  long  and  1  inch  square  in  cross-section.  They 
were  cast,  some  in  sand  and  others  in  an  iron  mold,  in  the  ordinary 
way,  without  the  use  of  special  fluxes,  and  the  temperatures  taken  at  the 
time  of  casting.  Samples  of  each  alloy  were  broken  by  tension  and  by 
transverse  strain,  and  other  samples  were  subjected  to  compression  and 
torsion.  Theirstrength,  elasticity,  ductility, resilience,  and  homogeneity 
were  recorded  and  graphically  represented,  specimens  of  each  were  an- 
alyzed by  the  chemist,  and  a  comparison  was  thus  instituted  between 
the  proportions  weighed  out  and  the  composition  found  to  exist  in  the 
bar,  exhibiting  the  loss  of  the  several  constituents  produced  by  melting 
and  casting. 

The  report  on  bronzes  has  been  completed,  and  is  herewith  transmitted  ; 
that  on  brasses  and  triple  alloys  is  well  advanced  toward  completion; 
it  is  not  yet  in  a  condition  to  be  forwarded,  but  will  be  in  the  course  of 
a  short  time.     * 

The  result  of  all  of  this  work,  so  far  as  the  tensile  strength  of  all  the 
possible  alloys  that  can  be  made  from  any  two  or  all  three  of  these 
metals,  is  shown  at  a  glance  by  a  model  ingeniously  devised  by  Professor 
Thurston,  a  map  of  which  is  herewith  transmitted,  marked  u  Plate  I." 

An  equilateral  triaugle  of  10  inches  length  of  side  divided  into  one 
hundred  equal  parts  was  taken.  At  each  angle  was  erected  a  vertical 
ordinate,  representing  in  length  the  tensile  strength  of  copper,  tin,  and 
zinc,  respectively,  on  a  scale  of  25,000  pounds  per  square  iuch  for  each 
inch  of  length  of  ordinate;  the  ordinates  were  pieces  of  brass  wire  list- 
ened securely  to  the  plate  At  a  distance  of  1  inch  from  the  angle  rep- 
resenting copper,  an  ordinate  was  erected  representing  the  tensile 
strength  of  the  gun-bronze  composed  of  90  parts  of  copper  and  10  of  tin. 
In  the  same  way  ordinates  were  erected  at  other  points,  representing  the 
other  allovs  according  to  their  several  proportions,  and  by  their  respective 
lengths  of  ordinate  the  strength  of  the  particular  alloy  designated.  The 
same  was  done  with  the  various  brasses  that  were  tested,  and  also  with 
the  triple  alloys  of  copper,  tin,  and  zinc,  106  points  being  thus  deter- 
mined. A  triangular  box  was  formed,  in  which  plaster  of  Paris  was 
poured  until  it  covered  the  tops  of  all  the  ordinates.  The  plaster  was 
then  removed  until  the  top  points  of  the  different  ordinates  were  just 
visible  and  the  model  was  complete. 

By  intersecting  this  model  by  horizontal  planes  one-tenth  of  an  inch 
apart  we  obtain  the  coutour-lines  shown  in  the  map,  which  gives  the 
tensile  strength  of  ail  the  different  alloys  to  within  2,500  pounds  of  their 
true  strength. 

Appended  to  the  report  is  a  paper  collated  by  Professor  Thurston, 
embodying  the  most  important  facts  previously  determined  in  regard  to 
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the  copper- tin  alloys,  and  also  graphical  records  of  their  conductivity  for 
heat  and  electricity,  their  specific  gravity,  and  other  properties,  as  deter- 
mined by  previous  experimenters.  This  paper  also  contains  the  com- 
plete bibliography  of  the  subject  of  bronzes,  now  for  the  first  time  col- 
lected and  put  into  a  compact  form. 

The  committees  on  chain  cables,  malleable  iron,  and  rerolling  iron  have 
made  an  extended  series  of  experiments  at  the  Washington  navy-yard, 
under  the  immediate  direction  of  Commander  L.  A.  Beardslee,  chairman, 
who  has  performed  his  part  with  conspicuous  intelligence  and  fidelity, 
and  have  embodied  the  results  in  a  comprehensive  and  most  valuable 
report  forwarded  herewith.  Wrought  iron,  for  chains,  of  many  different 
brands — most  of  which  of  well  known  and  high  repute — varying  in  size 
from  1  inch  to  2  inches  in  diameter,  was  tested,  both  in  the  shape  of 
bars  and  short  chains.  More  than  two  thousand  tests  were  made  of  the 
tensile  strength,  and  the  results  have  been  carefully  tabulated,  giving 
the  elastic  limit,  elongation,  and  reduction  of  area  of  each  specimen. 

In  these  experiments  it  was  sought  to  determine  by  tests  of  bar-iron 
what  kind  of  iron  was  best  adapted  to  make  chain  cable,  what  were  the 
best  form  and  proportion  of  link,  and  to  ascertain,  if  possible,  the  rela- 
tion between  the  chemical  composition  and  physical  properties  of  the 
specimens.  As  chains  are  often  subjected  to  great  and  sudden  strains, 
the  tests  of  the  iron  were  made  by  impact  as  well  as  by  tension  slowly 
applied. 

By  the  kindness  of  the  Navy  Department,  the  facilities  of  the  Wash- 
ington navy-yard,  which  included  the  use  of  two  testing-machines,  one 
of  a  capacity  of  300,000  pounds,  were  placed  at  the  disposal  of  the  com- 
mittee, and  the  record  of  an  extensive  series  of  experiments  made  for  a 
similar  purpose  was  thrown  open  to  them. 

The  report  contains  in  detail  the  results  of  numerous  experiments, 
which  establish  conclusively  points  about  which  difference  of  opinion  has 
heretofore  existed,  confirms  the  correctness  of  certain  positions,  and  in 
some  cases  directly  contradicts  what  has  been  regarded  by  eminent 
authorities  as  well-established  facts.  It  shows  that  the  most  important 
characteristic  which  a  good  chain-cable  iron  should  possess  is  the  prop- 
erty of  making  uniformly  a  perfect  weld.  The  presence  of  any  impurity 
in  sufficient  quantity  to  affect  it  injuriously  in  this  particular  must  prove 
fatal  to  its  claim  for  favorable  consideration.  It  proves  that  the  proper 
place  for  the  weld  is  at  the  end,  and  not  on  the  side,  and  that  in  all  cases 
where  studded  links  are  not  absolutely  required  they  should  be  carefully 
avoided,  for  the  reason  that  the  studs  are  found,  contrary  to  the  usually 
received  opinion,  to  diminish  materially  the  strength  of  the  chain. 

The  practice  which  obtains  in  most  of  the  prominent  chain-factories  in 
this  country,  of  proving  the  finished  chain  by  the  tension  prescribed  by 
the  standard  proof-table  of  the  British  Admiralty,  is  shown  to  be  faulty 
and  attended  by  consequences  in  the  highest  degree  dangerous.  -It  is 
rendered  more  than  probable  that  the  use  of  this  table  in  the  proof  of 
chain  cables  has  been  the  direct  cause  of  the  loss  of  many  anchors,  and, 
possibly,  vessels.  The  strains  prescribed  are  too  great  for  all  sizes  of 
chains,  and  notably  so  for  those  of  large  chains.  The  committee  has 
accordingly  constructed  and  inserted  in  their  report  a  proof-table  which  is 
adapted  to  cables  of  various  sizes  made  of  American  irou,  and  by  the  use 
of  this  table  instead  of  that  previously  used,  much  risk  of  positive  injury 
to  cables  by  excessive  proof  will  be  removed. 

This  table  constructed  as  it  has  been  from  so  wide  a  field  of  practical 
tests,  will,  it  is  believed,  be  found  to  be  of  great  use  to  this  branch  of 
industry,  and  will  soon  become  the  recognized  standard  for  proving  all 
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American  chains.  This  report  shows  that  in  the  search  for  a  proper 
chain-iron  a  very  high  tensile  strength  indicates  an  unfitness  for  this 
purpose,  for  the  reason  that  this  strength  is  usually  caused  by  the  pres- 
ence of  carbon,  copper,  or  other  substance  in  quantities  which  would 
injure  its  welding  properties  or  render  it  liable  to  break  under  sudden 
strains.  Many  minor  points  of  interest  in  these  investigations  have 
been  carefully  noted,  and  will  be  found  discussed  in  the  body  of  the 
report :  such  as  the  proper  shape  of  the  piece  to  be  tested,  the  effect  of 
removing  the  outer  skin  of  the  iron  upon  its  strength,  the  elevation  of 
the  elastic  limit,  the  reduction  of  area,  which  is  produced  both  by  sud- 
den and  steady  strains,  the  appearance  of  the  fracture  as  produced  oy 
shock  or  steady  pull,  &c. 

It  has  been  known  that  the  strength  of  iron  bars  is  not  in  direct  pro- 
portion to  the  size,  but  it  has  been  reserved  for  Commander  Beardslee 
to  propose  a  means  by  which  bars  of  different  sizes  may  be  made  to  have 
the  same  proportional  strength.  He  has  proved  by  actual  experiment 
that  a  uniform  reduction  in  rolling,  from  the  size  of  the  pile  to  the  fin- 
ished bar,  will  produce  a  uniform  strength  of  bar:  but  the  additional 
cost  of  manufacture  in  large  bars  will  be  very  considerable. 

This  report  shows  clearly  in  what  direction  we  must  work  for  the 
improvement  of  manufacture  of  chain  cables :  First,  the  means  for  dis- 
pensing with  the  studded  link,  and,  second,  an  improved  method  of 
welding,  in  a  non-oxidizing  flame  where  the  intensity  of  the  heat  can  be 
easily  regulated. 

All  the  different  irons  tested  in  these  experiments  were  carefully  ana- 
lyzed by  the  chemist  of  the  Board ;  and  an  able  paper  by  Mr.  Holley,  dis- 
cussing the  connection  between  the  chemical  composition  of  the  iron 
and  its  physical  properties,  accompanies  the  report,  and  gives  additional 
value  and  completeness  to  it. 

The  committee  on  steel  for  tools  has  made  a  series  of  experiments  at 
the  Washington  navy-yard,  with  a  view  of  determining  by  actual  tests 
the  constitution  and  characteristic  qualities  of  steels  for  various  purposes 
for  which  they  are  required  as  tools  and  their  special  adaptation  for  the 
work  of  turning,  planing,  boring,  slotting,  and  chipping.  The  experi- 
ments were  made  under  the  immediate  direction  of  Chief  Engineer 
David  Smith,  U.  S.  K,  chairman,  who  has  carefully  noted  everything 
that  could  possibly  be  of  interest  in  the  working  of  the  tool.  The  Navy 
Department  gave  the  use  of  the  necessary  machines  and  facilities  for 
doing  the  work  free  of  charge. 

Seventeen  different  lots  of  the  best  steels  to  be  had  were  procured  in 
open  market,  embracing  70  separate  bars,  and  representing  the  pro- 
duc  tion  of  14  different  manufacturers,  11  American  and  3  English — the 
most  celebrated  in  each  country.  Each  of  the  several  tests  with  the 
tools  of  the  various  steels  was  conducted  in  precisely  the  same  manner 
in  every  detail,  and  the  results  obtained  and  tabulated  are  comparable 
with  each  other  in  every  particular;  it  is  believed  they  represent  the 
true  practical  value  of  each  of  the  steels  for  the  special  purpose  for 
which  the  tool  was  used.  A  full  and  complete  record  of  the  experiments 
made  with  each  steel  has  been  kept;  and  all  importaut  facts  observed  in 
regard  to  its  character  and  texture,  its  treatment  in  the  making  and  use 
of  the  tool,  and  everything  pertaining  to  the  work  of  testing  it  that  was 
thought  could  in  any  way  affect  the  results  were  carefully  noted.  Sam- 
ples of  the  same  steels,  embracing  408  specimens,  have  been  tested  by 
tension,  torsion,  and  compression,  and  the  specific  gravity  of  each  bar 
carefully  determined.  * 

All  of  the  necessary  computations  required  in  connection  with  the  fore- 
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going  tests  have  been  completed  and  the  results  tabulated.  Thirty 
different  bars  have  been  analyzed  by  the  chemist  of  the  Board,  and  all 
that  now  remains  to  be  done  is  to  discuss  and  compare  the  physical 
properties  with  the  chemical  composition  of  the  steels.  This  the  chair- 
man has  not  had  the  time  and  opportunity  to  do. 

In  order  that  he  might  complete  this  work  application  was  made  to 
the  Navy  Department  that  he  might  be  relieved  for  the  time  being  from 
other  duty.  The  request  was  not  granted,  and  no  other  member  of  the 
Board  was  available  who  was  conversant  with  the  subject  to  take  up 
the  report  and  finish  it. 

The  report  of  this  committee  when  it  shall  have  been  completed  will 
contain  a  large  amount  of  data,  and  conclusions  therefrom,  which  it  is 
believed  will  enable  the  maker  and  user  of  tool-steels  to  distinguish  readily 
between  good  and  indifferent  steels  by  comparing  the  physical  properties; 
and  chemical  constitution  of  any  given  steel,  and  to  determine  before-/ 
hand  whether  a  steel  will  be  well  adapted  or  not  for  any  special  purposed 
by  such  a  comparison.  It  also  exhibits  in  a  highly  satisfactory  manner 
the  position  which  American  steels  take  when  compared  with  the  highest 
priced  and  most  celebrated  tool-steels  of  European  manufacture. 

The  committee  on  girders  and  columns  have  made  some  experiments 
on  the  strength  of  materials  of  different  forms  and  proportions  used  in 
the  construction  of  bridges.  Owing  to  the  great  expense  attending  such 
experiments  the  tests  have  been  confined  principally  to  material  gratui- 
tously furnished  by  a  manufacturer  of  rolled  beams  at  Buffalo,  N.  Y. 
The  results  of  these  experiments  have  not  been  communicated  to  me  by 
the  chairman  of  the  committee,  nor  have  1  received  from  him  a  report 
called  for,  giving  the  status  of  the  work  under  his  charge. 

The  committee  on  chemical  research  has  undertaken  a  series  of  experi- 
ments on  steels,  with  a  view  of  determining,  if  possible,  the  effect  of  vary- 
ing quantities  of  some  of  the  most  common  elements  ordinarily  found  in 
steels  on  their  mechanical  properties.  In  each  series  one  element  is  made 
to  vary  within  wide  limits,  while  the  others  are  kept  as  uniform  as  possi- 
ble, in  this  way  the  effect  of  different  quantities  of  carbon,  phosphorus, 
silicon,  sulphur,  &c,  is  to  be  determined.  This  investigation,  the  impor- 
tance of  which  has  long  been  felt,  has  never  been,  it  is  believed,  previously 
even  attempted. 

It  is  also  intended  to  determine  the  effect  of  one  impurity  in  modifying 
or  neutralizing  the  influence  of  another..  Considerable  work  has  already 
been  done  in  the  prosecution  of  these  experiments;  123  specimens  have 
been  prepared  and  tested  by  tension,  the  calculations  made  and  tabulated, 
and  the  curves  completely  plotted ;  190  specimens  have  been  tested  in  the 
autographic  machine,  and  the  strain-diagrams  and  other  results  made 
ready  for  the  report. 

Work  is  now  progressing  on  another  set  of  60  specimens,  after  which 
an  additional  series  of  80  test-pieces  is  to  be  commenced,  when  a  careful 
study  and  comparison  of  the  mechanical  and  physical  properties  with  the 
chemical  analyses  will  show  the  influence  of  the  variation  of  composition 
and  the  effect  of  one  element  upon  another. 

An  examination  has  been  made  of  certain  English  rifle-barrel  steel  re 
ceived  from  the  National  Armory,  which  had  proved  deficient  in  strength 
and  found  to  contain  numerous  fine  seams,  unfitting  it  for  this  use.  An 
analysis  showed  that  it  contained  an  excessive  amount  of  sulphur  and 
phosphorus,  .104  per  cent,  of  the  former  and  .106  per  cent,  of  the  latter. 

The  statement  of  funds  received  and  expended  since  the  organization 
of  the  Board  is  given  in  Appendix  2.  The  disbursements  have  been  made 
in  accordance  with  the  rules  and  regulations  of  the  Ordnance  Depart- 
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ment,  and  the  vouchers,  giving  the  cost  of  the  articles  purchased  and  the 
details  of  the  transactions,  with  the  receipts  for  the  money  paid,  have  been 
forwarded  to  the  Ordnance  Office. 

A  provision  was  inserted  in  the  act  of  Congress  authorizing  the  Board, 
limiting  the  amount  which  should  be  used  for  the  expenses  of  the  Board 
to  $15,000.  Of  this  sum  only  $2,248.70  have  been  expended  for  this  pur- 
pose. The  balance  on  hand  on  the  1st  of  June  amounts  to  $12,193.92; 
$6,299.48  remains  to  be  paid  for  the  machine,  and  $3,700.52  for  its  trans- 
portation and  erection.  The  balance  is  due  on  contracts  made  for  mate- 
rial and  services  not  yet  rendered. 

It  was  not  to  be  expected  that  the  Board  should  do  any  very  large 
amount  of  work  before  the  completion  of  its  large  machine.  It  is,  how- 
ever, believed,  as  has  been  said  by  high  authority,  that  what  has  been 
accomplished  is  worth  more  to  the  government  and  the  private  industries 
of  the  country  than  the  whole  of  the  appropriation,  including  that  paid 
for  the  machine. 

In  a  few  weeks  more  the  Board  will  have  a  machine  more  accurate  and 
better  adapted  for  doing  work  of  all  kinds,  light  and  heavy,  than  any 
other  machine  at  present  known,  and  be  in  condition  to  prosecute  its 
work  to  advantage. 

The  Board  deterred  making  its  report  until  it  could  announce  the 
completion  of  all  work  commenced  and  the  erection  of  its  machine,  and 
regrets  that  circumstances  over  which  it  could  exercise  no  control  prevent 
it  from  reporting  this  at  the  present  time. 

Congress  at  its  last  session  declared  that  the  Board  should  cease  to 
exist  when  the  money  then  appropriated  should  have  been  expended. 
In  view  of  the  results  which  have  been  thus  far  obtained,  under  circum- 
stances unfavorable  to  the  accomplishment  of  such  a  work,  and  of  the 
fact  that  the  Board  will  soon  be  provided  with  the  best  of  facilities  for 
testing  metals,  it  may  well  be  suggested  whether  a  wise  policy,  a  just 
appreciation  of  the  advantages  to  inure  to  the  various  industries  by  such 
action,  will  not  prompt  the  grant  of  a  further  appropriation  to  carry  on 
the  work  for  which  the  Board  was  appointed.  This  work  has  enlisted 
the  active  sympathies  of  scientific  men  of  all  classes,  and  metal-man- 
ufacturers of  the  country,  the  last  of  whom  have  not  confined  their 
interest  to  mere  expressions  of  approval,  but  have  supplemented  them 
with  donations  of  money  to  the  amount  of  $1,475,  for  the  completion  of 
some  work  on  steels,  which  was  commenced  but  could  not  be  finished  on 
account  of  the  failure  of  the  appropriation  by  Congress. 

From  what  the  undersigned  knows  of  the  wants  of  officers  having 
charge  of  government  constructions,  the  want  of  definite  information  on 
the  part  of  civil  engineers,  architects,  and  mechanical  engineers  through- 
out the  country,  and  their  utter  inability  to  obtain  correct  data  on  which 
to  base  their  calculations,  for  the  want  of  which  large  sums  have  annually 
to  be  expended  in  order  that  the  errors  made  may  be  on  the  side  of  safety, 
there  is  no  purpose  for  which  an  appropriation  could  be  granted  which 
would  yield  so  large  and  immediate  a  return  in  the  way  of  money  abso- 
lutely saved  as  a  further  grant  for  the  work  of  this  Board,  and  in  the 
correctnessuflf  this  opinion  he  is  confident  that  he  will  be  supported  by  the 
whole  body  of  scientific  men  and  manufacturers  of  metals  of  superior 
quality  throughout  the  land. 

1  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

T.  T.  S.  LA1DLEY, 
Colonel  of  Ordnance,  President  of  the  Board. 

To  the  President  op  the  United  States. 


8  TESTS   OP  METALS. 

Statement  of  disbursements  under  appropriation,  "  Test  of  Iron  and  Steel,"  to  June  1,  1878. 


Disbursement*. 


Tests  of  iron  and  steeL 


1876. 


1870. 


1877. 


For  advertising  (contract  for  testing-machine) .... 
amount  paid  on  contract  for  testing-machine, 
stationery  and  printing. 


$172  50 
25, 200  52 


ins t  rumen  ts  (calipers,  e tamps,  &c.) 

fitting  up  chemical  laboratory _. 

chemicals,  apparatus,  &o 

care  of  chemical  laboratory 

coal  for  gas  for  use  at  chemical  laboratory 

coal  and  wood  for  heating  laboratory,  turning  specimens,  &c. 

labor  for  cutting  samples,  turning  specimens,  &c 

fitting  up  building  for  teating-machine 

foundation  for  testing-machine  and  setting  up  accumulator . . 

traveling  crane  and  trestles 

coal  and  oil  for  operating  testing-machine 

material  for  tests 

freight  and  expenses  on  samples  of  iron,  steel  for  tests 

freight  on  parta  of  testing-machine  reoeived 

boxes  for  parts  of  testing-machine  received 

traveling  expenses  of  members    

postage  (secretary  and  members) 

secretary,  f rom  March  25, 1875,  to  June  30, 1877 

chemist,  from  July  1, 1875,  to  April  20, 1878 

committee  on  abrasion  and  wear     

committee  on  chemical  research  and  steels  by  modern  processes. 

committee  on  chain  cables,  and  reheating  iron 

committee  on  effects  of  temperature   

committee  on  beams,  girders,  and  columns 

committee  on  cast  iron      

committee  on  metallic  alloys 

committee  on  steels  for  tools 


5188 


846  62 


800  00 


$99  75 


500  41 

129  50 

1, 912  37 

2,604  89 

151  13 

254  50 

351  71 

983  20 

1, 417  01 

4, 083  77 

2,746  29 


3  97 

26  67 

53  09 

152  39 

1,146  63 

117  90 

1, 316  66 

5,550  00 

83  50 

878  44 

1,394  93 

938  03 

8, 042  06 

29  10 

10, 516  84 

2,644  17 


Total. 


26,071  52 


42, 628  41 


$104  85 


47  10 
692  75 
125  63 
480  29 
111  35 

18  38 
531  90 
430  91 
234  94 
227  80 
1,  091  27 

20  65 
810  54 


755  54 

40  99 
1, 100  00 
2,108  50 


859  25 

1,038  86 

25  22 

1, 470  98 


1,  074  75 


13,502  54 


TESTS  OF  IRON  AND  STEEL,  1875. 

To  appropriations 175,000  00 

By  amount  disbursed (26,071  52 

By  amount  transferred  to  appropriation,  "  tests  of  iron  and 

steel,  1876" 42,629  00 

68,700  52 

Balance  on  hand  (due  on  contract  for  testing-machine) 6, 299  48 

TESTS  OF  IRON  AND  STEEL,  1876. 

To  amount  transferred  from  appropriation,  "tests  of  iron  and 

steel,  1875" 42,629  00 

By  amount  disbursed 42,628  41 

By  amount  deposited  to  the  credit  of  the  Treasurer  of  the 

United  States 59 

42,629  00 

TESTS  OF  IRON  AND  STEEL,  1877. 

To  appropriation 19,396  98 

By  amount  disbursed 13,502  54 

13,502  54 

Balance  on  hand • - 5,894  44 


T.  T.  8.  LAIDLEY, 
Colonel  of  Ordnance,  President  of  the  Board. 
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PREFACE. 


The  United  States  Board,  appointed  to  test  American  iron,  steel,  and 
other  metals,  assigned  to  three  committees,  designated  as  D,  H,  and  M, 
the  following  subjects  upon  which  to  make  investigations  and  report : 

To  Committee  D  ("On  chain  and  wire  ropes")  the  determination  of 
the  character  of  iron  best  adapted  for  chain  cables,  the  best  form  and 
proportions  of  link,  and  the  qualities  of  metal  used  in  the  manufacture 
of  iron  and  steel  wire  rope. 

To  Committee  H  ("On  iron  malleable ")  the  examination  of  the  me- 
chanical and  physical  properties  of  wrought-iron. 

To  Committee  M  ("On  reheating  and  rerolling")  the  examination  of 
the  effects  of  reheating  and  rerolling,  or  otherwise  reworking,  of  ham- 
mering as  compared  with  rolling,  and  of  annealing  the  metal. 

The  three  committees  being  composed  to  a  great  extent  of  the  same 
persons,  all  having  the  same  chairman,  and  the  fields  of  research  in 
many  respects  coinciding,  it  was  considered  advisable,  in  order  to 
economize  time,  means,  and  labor,  that  the  three  should  be  consolidated 
and  the  results  of  such  experiments  as  should  be  made  applied  to  all  of 
the  subjects. 

Our  first  care  was  to  select  from  the  wide  field  to  be  investigated,  a 
leading  object,  and  our  choice  fell  naturally  upon  the  subject  assigned 
to  the  committee  on  chain  cables,  for  while  it  would  be  quite  prac- 
ticable to  expend  all  of  our  time  and  means  examining  into  the  great 
problem,  "The  mechanical  and  physical  properties  of  wrought  iron,"  or 
the  effect  upon  its  strength  and  other  properties,  of  various  methods  of 
treating  it,  and  while  so  doing,  procure  absolutely  no  information  which 
would  guide  us  in  determining  "  the  character  of  iron  best  adapted  for 
chain  cables,"  we  could  not,  on  the  other  hand,  form  any  judgment  of 
value  upon  this  latter  subject,  without  a  range  of  experiments,  the 
results  of  which  would  prove  of  importance  in  connection  with  the 
other  subjects  of  investigation. 

A  secondary  reason  for  the  selection  was  the  fact  that  the  chairman 
of  the  committees,  to  whom  would  naturally  fall  the  duty  of  superin- 
tending the  research,  and  of  arranging  the  obtained  results,  was  already 
engaged  in  carrying  on  an  investigation  of  this  branch,  in  obedience  to 
the  orders  of  the  Navy  department,  and  through  this  source  a  large 
amount  of  information  already  collected  could  be  most  profitably.utilized. 

A  further  motive  was  the  fact  that  all  information  which  we  might  be 
able  to  obtain  as  to  character  of  iron  best  adapted  for  chain  cables 
would  prove  of  value  not  only  to  the  manufacturers  and  purchasers  of 
cables  and  cable  iron,  but  not  less  to  the  manufacturers  of  iron  bridges 
and  other  constructions,  which  like  the  cable,  depend  for  their  value 
upon  their  power  of  resisting  to  the  utmost,  destroying  forces  of 
various  and  irregular  natures.  A  cable  must  be  able  to  resist  sudden 
strains,  steady  strains,  vibratory  strains,  and  corrosion,  and  a  bridge 
must  encounter  the  same  during  its  service ;  therefore,  it  is  hoped  that 
the  information  we  have  been  able  to  collect,  the  deductions  we  have 
drawn,  the  errors  we  have  corrected,  and  the  rules  and  tables  we  have 
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established  and  calculated,  will  prove  of  service  to  a  large  class  of  our 
manufacturers,  of  whom  the  cablemakers  are  but  a  branch. 

While  thus  directing  our  efforts  primarily  to  this  investigation,  we 
have  from  time  to  time  diverged  for  the  purpose  of  examining  further 
into  certain  physical  phenomena  which  have  presented  themselves;  and 
the  results  of  these  investigations  are  given  in  the  papers  on  "Form 
and  proportion  of  test  pieces,"  "Elevation  of  the  limit  of  stress,"  "  Va- 
riation in  strength  accompanying  variation  in  sectional  area,"  &c.,  and 
to  a  comparison  of  the  physical  results  with  chemical  causes. 

All  of  the  experiments  whose  records  are  in  this  report,  excepting  the 
analyses  made  by  the  chemist  of  the  Board,  were  made  at  the  Navy 
Yard,  Washington,  D.  0.,  the  Secretary  of  the  Navy,  the  Hon.  George 
M.  Robeson,  having  placed  at  the  disposition  of  the  Board  all  of  the 
facilities  of  said  yard,  which  included  three  testing  machines,  forges. 
&c,  and  the  Chief  of  the  Bureau  of  Equipment  transferred  to  the  Board 
the  results  of  a  series  of  experiments  which  had  been  carried  on  by  the 
chairman  of  the  committees,  under  his  direction,  previous  to  the  organ- 
ization of  the  United  States  Board. 

In  submitting  this  report,  we  would  say  that  the  extent  of  our  inves- 
tigations has  been  restricted  by  the  narrowness  of  our  means,  and  the 
necessity  which  has  arisen  that  we  should  submit  the  results  of  such 
work  as  we  have  accomplished,  in  order  that  the  necessity  of  such  work 
shall  be  made  as  plain  as  the  fact  that  our  researches  have  been  by  no 
means  exhaustive,  and  that  they  but  point  the  way  toward  a  thorough 
re-examination  of  the  subjects  involved,  which,  based  upon  our  results, 
would  provide  a  valuable  mass  of  information,  to  which  this  report  would 
occupy  the  relation  of  a  preface. 

L.  A.  BEABDSLEE,  Commander,  U.  8.  Navy, 
Chairman  of  Committee  D,  27,  cmd  M,  Editor  of  Report. 


PREFACE  TO   SECOND  EDITION. 


Congress  having  authorized  the  printing  of  a  second  edition  of  the 
report  of  the  United  States  Board,  the  undersigned,  to  whom  was 
entrusted  the  duty  of  arranging  the  matter  of  the  report  of  committees 
D,  H,  and  M  in  the  first  edition  and  the  editing  of  the  same,  has  availed 
himself  of  the  opportunity  thus  presented,  and  having  obtained  the 
necessary  authorization  so  to  do,  has,  profiting  by  experience  gained 
while  editing  the  first,  reduced  greatly  the  bulk  of  this  second  edition, 
by  elimination  of  many  unnecessary  repetitions,  and  has,  he  believes, 
increased  the  value  of  the  work,  not  only  as  was  natural  by  the  process 
of  condensation,  but  also  by  the  insertion  in  a  portion  of  the  space  thus 
gained  of  data  which  have  been  furnished  by  the  Navy  Department, 
embracing  the  results  of  experiments  made  in  continuation  of  those  made 
by  the  Board  upon  points  not  considered  as  definitely  settled;  also  of 
a  series  of  torsional  tests,  made  upon  the  irons  whose  strength  under 
various  other  tests  h%d  been  given. 

The  matter  of  the  report  has  also  been  rearranged,  so  that  by  division 
into  two  parts  all  of  the  tests  made  upob  round  bars  are  separated  from 
those  made  upon  chain  cable. 

The  first  part  may  be  considered  as  the  investigation  into  the  mechan- 
ical and  physical  properties  of  wrought  iron,  the  second  into  the  char- 
acter of  iron  best  adapted  for  chain  cable. 

L.  A.  BEARDSLEE,  Captain,  U.  8.  Navy, 

Editor  of  Report. 

August  1, 1881. 

13 


PART  I. 


CONTENTS. 
SECTION  I. 

Preliminary  discussion  of  the  nature  and  structure  of  the  chain  link- 
Force*  WHICH  IT  IS  CALLED  UPON  TO  RESIST,*  SOURCES  OF  WEAKNESS,  AND  CHAR- 
acter of  iron  best  adapted  for  its  manufacture,  as  manifested  by  tests 
op  the  material,  viz:  the  round  bar  of  rolled  iron. 
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PLATE  I. 
TENSION  TESTS. 


Heliotypc  Printing  Co.,  an  Trcmont  Street.  Boston. 

Fig.  2.  Fig.   i. 

test  pieces  broken  by  tension  in  testing  machine  b. 

Fig.   i.      Turned  from  a  bar  ol  contract  chain  iron  2  3-16  in.  diameter. 
"      a.         "  "the  same  bar  after  it  had  been  thoroughly  reworked. 


w 

•J 
a. 


PART  !• 
SECTION   I. 

PRKLTMINABY  DISCUSSION. 

The  investigations  upon  which  we  have  entered  have  for  their  direct 
object  "  the  determination  of  the  character  of  iron  best  adapted  for  the 
manufacture  of  chain  cables,"  indirectly  the  collection  and  classification 
of  snch  data  as  manifest  themselves  during  the  experiments  necessary 
for  this  primary  investigation,  and  coming  properly  under  the  heading 
of  the  "  mechanical  and  physical  properties  of  wrought  iron." 

The  chain  cable  is  a  result,  wrought  iron  is  the  material  from  which 
it  is  made,  and  the  strength  and  character  of  the  cable  are  dependent, 
to  a  great  extent,  upon  those  of  the  material,  and  upon  the  methods  by 
which  said  material  has  been  produced  and  treated. 

Our  investigations  begin,  thus,  with  the  material  itself,  which,  for  all 
practical  purposes,  is  the  round  bar,  of  which  the  chain  link  is  but  a 
modification. 

The  made-up  chain  cable  has  undergone  processes  which  tend  to  alter 
the  inherent  character  of  the  material,  some  of  which  lower  the  strength 
of  the  iron,  therefore  it  is  of  great  importance  that  the  character  of  this 
material  should  be  that  which  in  itself  will  tend  to  give,  if  unchanged, 
the  greatest  strength  and  uniformity  to  the  links,  and  which  is  least 
liable  to  suffer  deterioration  during  the  processes  by  which  it  is  trans> 
formed  from  bar  to  link. 

To  determine  the  character  of  iron  best  adapted,  it  is  necessary  to 
first  decide  upon  the  nature  of  the  forces  which  a  chain  cable  in  service- 
is  called  upon  to  resist,  and  the  precedence  of  these  forces  in  endanger- 
ing not  only  the  chain  but  the  vessel  which  depends  upon  it  for  safety. 

Secondly.  To  determine  the  causes  which  tend  to  weaken  the  chain 
links,  and  to  locate  the  weak  spots. 

Thirdly.  These  points  being  determined,  to  fix  upon  the  characteristics 
which  denote  that  the  iron  manifesting  them  is  well  adapted  to  meet 
the  dangerous  forces,  and  is  least  liable  to  become  unduly  weakened 
while  being  bent  and  forged- 
Cables  in  service  are  subject  to  the  destroying  forces  of  sudden  strains,, 
alternations  of  sudden  and  steady  heavy  strains,  heavy  steady  strains, 
abrasion,  and  corrosion ;  and  the  danger  from  each  takes  precedence  in 
the  order  given. 

The  sudden  strains,  which  are  the  most  dangerous,  occur  when,  through, 
any  cause,  it  may  become  necessary  to  check  the  headway  of  the  vessel 
by  means  of  the  anchor ;  or  when,  in  letting  go  anchor  in  deep  water, 
the  momentum  of  the  running-out  cable  is  suddenly  arrested  by  a  jam 
in  the  hawse-hole,  or  pipe,  perhaps  before  the  anchor  has  reached  the 
bottom. 

The  alternations,  when  through  the  force  of  a  heayy  squall,  the  already 
taut  cable  is  strained  suddenly  by  a  force  which  owmot  be  calculated  or. 
guarded  against. 
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20  TESTS   OF  METALS. 

DESCRIPTION  OF  TESTING-MACHINES  AND  OF  METHOD  OF  USE. 

Chain  Pjjover  of  Washington  Navy  Yard  (Testing-Machine  A). 

This  machine  consists  of  a  long  trough,  in  which  a  15-fathora  section 
of  cable  can  be  stretched  by  means  of  a  hydraulic  pump,  to  which  it  is 
connected  at  one  end,  while  the  other  end  is  made  fost  to  a  holder, 
which,  in  turn,  connects  with  a  system  of  levers,  by  which  the  stress  is 
weighed  by  means  of  weights  placed  upon  a  platform  at  the  extremity 
of  the  long  lever.    (See  cut.) 

The  machine  was  thoroughly  overhauled,  repaired,  and  adjusted  under 
the  supervision  of  a  Chief  Engineer  of  the  Navy  previous  to  the  use  of  it 
by  the  Board.  The  pump  is  worked  by  steam,  and  a  gong,  with  wire 
reaching  from  the  engine  to  tho  weighing  end,  facilitates  instantaneous 
communication. 

The  capacity  of  the  machine  is  300,000  pounds,  and  the  levers  are  so 
adjusted  that  a  weight  of  1  pound  upon  the  platform  balances  200  pounds 
of  stress. 

The  pieces  to  be  tested  were  sections  of  the  bar  at  least  eight  times  the 
diameter  in  length,  and  originally  fitted  with  loops  of  larger-sized  iron, 
welded  to  the  ends,  thus : 


Subsequently  heads  were  substituted  for  loops.  Near  to  each  end  of  the 
cylindrical  portion  qf  the  bar,  small  punch-marks  were  made  for  the  pur- 
pose of  measurement;  the  distance  between  these  was  carefully  meas- 
ured, and  the  diameter  of  the  bar  carefully  calipered ;  this  latter  process 
often  revealed  that  there  was  between  the  actual  and  nominal  diameter 
of  the  bar  considerable  difference. 

The  bar  was  fastened  to  the  holders,  a  pair  of  large  dividers  adjusted 
to  the  punch-marks,  and  the  stress  slowly  applied:  at  the  instant  the 
elongation  was  sufficient  to  draw  one  punch-mark  clear  of  the  dividers' 
point,  the  stress  was  weighed  and  recorded  as  first  stretch  or  elastic  limit. 

This  method  was  our  best,  but  there  were  liabilities  of  error,  ail  of  which 
would  cause  the  stress  of  "  first  stretch  *  to  be  recorded  too  high.  At 
times  the  piece  would,  iu  an  instant,  elongate  considerably ;  generally 
such  action  took  place  in  iron  with  high  elastic  limit  as  compared  with 
its  tensile  strength.  At  the  best  the  signal  to  stop  would  never  be  given 
or  obeyed  before  a  stretch  was  noticed. 

Our  measurers  became  very  expert,  as  was  the  case  with  Mr.  Tait,  our 
assistant,  who  cared  for  the  weighing,  and  seldom  failed  to  keep  a  per- 
fect balance,  and  the  liability  of  error  was  reduced  to  a  minimum. 

Just  before  rupture  there  was  always  a  period  (varying  with  diiferent 
irons)  when,  having  reached  the  limit  of  stress,  the  levers  would  balance 
for  a  little  time  and  then  sink  before  the  specimen  parted.  With  this 
machine  we  were  not  able  to  trace  this  action  very  closely,  but  full  ref- 
erence is  made  to  it  in  discussion  of  tests  made  by  means  of  the  dyna- 
mometer (testing-machine  B),  and  at  this  point  it  is  probable  that  tensile 
limit  was  reached. 

By  this  machine  (A)  we  were  able  to  determine  the  tensile  strength, 
elastic  limit,  ductility,  &c,  of  round  bars  of  any  size  from  three  inches 
in  one-half  inch,  and  to  test  to  destruction  chain-cable  links  of  all  sizes  in 
to  ordinary  use. 
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Except  in  a  few  cases,  which  are  noted,  all  bars  tested  by  this  ma- 
chine were  in  the  condition  in  which  they  left  the  rolling-mill,  not  hav- 
ing been  reduced  by  the  lathe. 

Rodman's  Dynamometer  (Testing-Machine  B). 

Additional  tests  by  tension  were  made  upon  many  of  the  irons  by 
means  of  cylindrical  test-pieces  turned  from  the  bars  and  ruptured  by 
the  "Rodman's dynamometer,"  called  in  this  paper  u  testing-machine  B." 

The  resnlts  obtained  by  this  machine  agree  very  closely  in  some  cases 
with  those  obtained  by  testing-machine  A,  and  in  others  differ  widely. 
A  portion  of  these  differences  is  probably  due  to  differences  in  the  accu- 
racy of  the  two  machines  and  methods,  and  others  to  a  natural  difference 
in  the  character  of  the  metal  as  developed  by  the  entire  bar,  and  by  a 
portion  of  the  core  and  adjacent  iron. 

This  machine  holds  the  specimen  to  be  tested  by  means  of  clamps, 
and  the  usual  form  of  the  test-piece  is  shown  on  Plate  1.    The  capacity  . 
of  the  machine  is  100,000  pounds,  and  it  will  weigh  a  stress  of  10  pounds 
with  accuracy.    The  method  of  testing  with  it  is  as  follows : 

The  test-piece  being  fitted  to  the  clamps,  a  slight  stress,  sufficient  to 
tauten  everything,  is  brought  upon  it  by  means  of  a  foot-screw  which 
draws  down  the  lower  holder;  the  measurements  are  then  taken,  and 
the  stress  slowly  applied  by  means  of  a  crank,  connected  by  gearing 
with  a  system  of  levers,  so  adjusted  that  a  weight  of  1  pound  upon  the 
platform  will  balance  100  pounds  of  stress.  The  stress  is  measured  by 
a  weight  sliding  on  the  lever  until  1,000  pounds  is  reached,  when  a 
weight  is  substituted  upon  the  platform. 

The  weighing  lever  passes  through  a  rectangular  frame,  which  is  2 
inches  in  depth  of  opening;  the  lever  itself  being,  at  the  point  where  it 
passes  through,  1J  inches  deep,  it  being  thus  allowed  a  vertical  motion 
of  |  of  an  inch.  A  mark  across  the  center  of  the  opening  coinciding  with 
one  on  the  face  of  the  lever  indicated  a  balance,  the  stress  and  resistance 
being  equalized.  From  the  exact  balance  to  rest  there  is  a  fall  of  §  of  an 
inch.  The  test-pieces  are  prepared  with  marks  between  which  the  length 
is  accurately  measured,  and  they  are  also  accurately  calipered. 

In  testing  by  this  machine  we  have  noticed  that  the  lever  rises  rapidly 
to  the  stress  until  the  elastic  limit  is  reached,  after  passing  which  the 
rapidity  of  rise  gradually  lessens,  until  the  point  called  tensile  limit  is 
nearly  reached,  then  it  rises  very  slowly  until  tensile  limit  is  marked, 
when  it  will  balance  for  periods  varying  from  two  to  seven  or  eight  min- 
utes, according  to  the  toughness  of  the  iron.  When  the  power  of  re- 
sistance is  so  lessened  that  it  is  not  equal  to  the  addition  of  stress,  the 
lever  slowly  sinks  and  finally  rests;  but  if  during  this  sinking  the  in- 
crease of  stress  is  stopped  for  a  moment,  on  reapplying  it  there  is  a 
momentary  responsive  rise.  After  the  fall,  if  the  stress  is  continued, 
there  is  no  answering  rise,  but  the  diameter  reduces  and  the  piece  length- 
ens rapidly,  and  finally  breaks. 

The  highest  stress  that  has  been  reached  is  recorded  as  the  tensile 
limit,  or  ultimate  strength.  Although  we  have  in  most  cases  continued 
the  turning  of  the  crank  until  rupture  took  place,  in  order  that  we  might 
procure  the  fractured  dimensions  to  which  it  was  desired  to  reduce  the 
strength,  we,  in  making  the  investigations  in  regard  to  the  elevation 
of  the  limit  of  stress,  have  frequently,  after  the  lever  had  fallen  to  its 
rest,  restored  a  balance  by  removing  weights  from  the  weighing-plat- 
form, and  have  by  this  process,  and  modifications  of  it,  caused  some 
peculiar  phenomena  to  occur  which  have  been  carefully  noted  and  tabu- 
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lated.  For  instance,  after  a  test-piece  had  withstood  to  the  point  called 
tensile  limit,  which  would  occur  at  a  stress  of,  say,  50,000  pounds  per 
square  inch,  it  would,  after  the  fall  of  the  lever,  and  a  slight  delay  for 
measurements,  be  found  upon  removing  weights  to  be  still  resisting  to 
nearly  the  extent  at  which  the  lever  fell ;  the  stress  being  reapplied,  the 
lever  would  rise  nearly,  and  in  somo  cases  quite,  to  the  amount  from 
which  it  had  previously  fallen,  and  in  one  or  two  cases  to  a  higher  poiut, 
and  this  could  be  repeated  from  twenty  to  thirty  times;  at  each  fall  the 
diameter  being  found  to  be  sensibly  reduced  and  the  length  increased. 
(See  pages  16  and  18.) 

At  the  point  where  the  lever  first  fell,  the  reduction  of  area  which  hod 
taken  place  was  about  50  per  cent,  and  the  elongation  about  75  per 
cent,  of  that  which  occurred  at  fracture. 

If,  however,  at  the  fall  of  the  lever  the  weights  were  removed  and  the 
strain  be  continued,  the  balance  would  have  to  be  preserved  by  con- 
tinually decreasing  the  weights,  until  at  last  the  piece  which  had  resisted 
50,000  pounds  would  rupture  at  a  stress  of  not  much  over  40,000  pounds. 
(See  pages  16  and  18.) 

The  results  obtained  by  the  two  machines  and  methods  are  given  in 
the  following  tables  "Becords  of  bars  tested  by  tension,"  and  cover  ex- 
periments made  to  compare  rough  and  turned  bars ;  also  in  the  investi- 
gations of  the  elevation  of  the  limit  of  stress,  and  all  others  depending 
upon  the  action  of  bars  under  direct  tension. 

As  the  tables  introduce  some  phenomena  which  have  not  been  pre- 
viously described,  it  may  be  desirable  that  the  meanings  of  the  results 
given  in  each  of  the  columns  should  be  clearly  explained  and  apparent 
discrepancies  accouuted  for. 

Explanation  of  and  notes  upon  the  u  Records  of  bars  tested  by  tension? 

Column  headed  u  Diameter." — The  strength  per  square  iuch  of  a  bar  as 
deduced  from  the  stress  at  which  the  entire  bar  has  been  torn  asunder 
cannot  be  correctly  ascertained  except  the  diameter  of  the  bar  be  care- 
fully calipered ;  the  nominal  size  and  the  exact  size  seldom  coincide,  and 
at  times  we  have  found  variations  of  four-hundredths  of  an  inch,  which 
variation  is  sufficient  to  produce  important  errors.  For  instance,  a  bar 
is  nominally  of  2"  diameter,  and  parts  at  a  stress  of  157,000  pounds,  its 
tensile  strength  would  be  recorded  as  equal  to  50,000  pounds  per  square 
inch ;  if  however  the  bar  was  actually  .03  of  an  inch  full,  and  parted  at 
the  same  stress,  its  strength  per  square  inch  would  be  but  little  over 
48,500  pounds,  an  important  difference.  Therefore  our  diameters  are 
those  found  by  careful  measurement. 

Areas. — The  "original  area"  is  that  which  corresponds  to  the  diameter 
of  the  piece  before  test;  the  "  reduced  area"  corresponds  with  the  least 
diameter  after  rupture;  the  "  tensile-limit  area" corresponds  with  the 
least  diameter  at  the  stress  at  which  the  lever  falls;  and  the  reductions 
in  these  are  given  in  percentages  of  the  original  diameters.  This  latter 
can  be  correctly  measured  with  ease;  the  fractured  area  cannot  always, 
for  although  generally  the  line  of  fracture  is  at  right  angles  to  the  axis 
of  the  specimen,  it  is  not  so  always,  and  thus  presenting  an  oval,  is 
difficult  to  measure. 

Length. — The  length  of  the  clear  cylindrical  portion  between  punch- 
marks  is  measured  both  before  the  stress  is  applied  and  after  fracture. 
In  testing  with  the  machine  B  it  is  also  measured  at  the  u  tensile  limit." 

Percentage  of  elongation. — This  element  as  given  in  many  tables  is  of 
little  value,  the  percentage  being  greatly  dependent  upon  the  original 
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length  of  the  specimen.  When  this  is  not  given  the  percentage  is  of  no 
value. 

The  following  experiment  will  make  this  clear :  Prom  a  bar  of  1$"  iron 
of  very  uniform  character  three  test-pieces  were  prepared,  which  were 
in  all  respects  similar  except  in  the  length.  The  first  was  75,  the  second 
20,  and  the  third  10  inches  long.  They  were  pulled  asunder,  and  the 
first  was  found  to  have  elongated  14  inches,  or  18.64  per  cent,  of  the 
originsd  length  ;  the  second  had  elongated  4.36  inches,  or  21.8  per  cent. ; 
and  the  third  2.22  inches,  or  22.2  per  cent.  Our  records  supply  many 
confirmatory  results. 

A  few  experiments  were  made  for  the  purpose  of  observing  closely  the 
effect  of  tension  upon  a  bar  of  iron  in  producing  elongation  and  to  de- 
cide whether  the  amount  of  elongation  was  equally  distributed  through- 
out the  entire  bar,  or  greatest  in  the  vicinity  of  the  fracture. 

To  make  these  experiments  a  number  of  bars  of  iron  of  fair  quality 
were  selected,  and  a  number  of  marks  made  along  the  cylindrical  por- 
tion, the  marks  being  one  inch  from  each  other.  At  each  of  these  points 
of  division  the  diameter  was  calipered  and  the  bars  then  subjected  to 
tension.  In  each  case  the  usual  record  was  made  of  the  stress  at  which 
the  first  stretch  took  place,  and,  in  addition,  the  stress  required  to  pro- 
duce an  elongation  of  one-fourth  of  an  inch. 

The  stress  was  increased  until  the  specimens  were  ruptured,  after 
which  they  were  carefully  remeasured  and  the  amount  of  elongation  be- 
tween each  pair  of  division-marks,  and  the  reduction  in  diameter  at  each 
of  the  points  noted.  In  the  accompanying  table  the  results  of  this  ex- 
periment are  given ;  the  figures  preceded  by  an  *  show  the  location  of 
the  ruptures. 

This  series  of  experiments  furnishes  evidence  that  the  greater  portion 
of  the  elongation  occurs  in  all  cases  in  the  vicinity  of  the  fracture. 

No.  4  was  found  to  be  reduced  considerably  at  a  point  on  the  opposite 
end  to  that  on  which  the  rupture  took  place. 

Nos.  1,  3,  and  5  of  the  bars  were  tested  in  their  natural  condition. 

Nos.  2,  4,  and  6  were  cut  from  the  same  bars  as  1,  3,  and  5,  respect- 
ively, but  were  slightly  reduced  by  the  lathe  before  test. 
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Elastic  limit.— Our  usual  method  of  observing  the  stress  at  which  this 
took  place  has  been  explained  in  measuring  the  first  perceptible  stretch. 

The  experiments  indicate  that  this  point,  if  carefully  measured,  fur- 
nished us  with  a  very  easy  and  inexpensive  method  by  which  we  can 
obtain  the  elastic  limit  closely  enough  for  all  practical  purposes,  although, 
for  reasons  which  have  been  given,  the  figures  will  probably  prove  a  little 
above  the  truth. 

The  ratios  which  are  borne  by  the  elastic  limit  to  the  ultimate  strength 
of  various  irons  can  be  closely  obtained  by  this  method,  as  the  following 
comparison  will  show: 

Four  test-pieces  of  a  very  homogenous  iron  were  prepared,  which 
were  identical  in  form  and  proportions. 

The  two  first  pieces  were  turned  from  a  bar  of  If"  diameter,  and  the 
second  pair  from  a  bar  of  l-f£"  diameter,  all  of  iron  K. 

Of  each  pair  the  elastic  limit  of  one  piece  was  obtained  by  about  four 
hours'  work,  at  an  expense  of  about  $4 ;  the  other  one  of  each  pair  was 
observed  at  the  first  perceptible  elongation  and  the  stress  which  pro- 
duced it  called  the  elastic  limit ;  about  five  minutes  of  time  and  no  extra 
expense  were  required  to  obtain  the  result  in  this  manner,  the  value  of 
which  is  shown  as  follows : 

Batio  of  elastic  limit  of  No.  1  to  ultimate  strength,  by  careful  test, 
63.1  per  cent. 

Batio  of  elastic  limit  of  No.  1  to  ultimate  strength,  by  first  stretch1 
63.4  per  cent 

Batio  of  elastic  limit  of  No.  2  to  ultimate  strength,  by  careful  test, 
63.7  per  cent. 

Batio  of  elastic  limit  of  No.  2  to  ultimate  strength,  by  first  stretchy 
62.4  per  ant. 

In  several  other  cases  of  careful  comparison  we  have  found  close  coin- 
cidence, hence  have  assumed  this  property  to  represent  the  elastic  limit. 

Tensile  limit  is  the  stress  which  represents  the  highest  which  has 
been  withstood  by  the  specimen,  but  as  has  been  shown,  it  was  not  the 
amount  which  finally  produced  the  rupture;  this  stress  produced  a 
weakening,  from  which  had  the  specimen  been  rested,  it  would  have 
recovered  j  by  continuing  it,  the  specimen  finally  parted  at  much  less. 
This  stress  is  reduced  to  the  various  areas,  and  in  many  tables  is  given 
as  the  "breaking  strain." 

Areas,  or -igincU,  fractured,  and  tensile  limit — Data  in  regard  to  the 
dimensions  at  "tensile  limit*  could  not  be  obtained  with  accuracy  by 
means  of  testing-machine  A,  but  with  B  it  was  readily  obtained,  and  a 
few  remarks  in  regard  to  its  use  may  be  pertinent. 

The  measurements  taken  at  the  "tensile  limit"  introduce  a  new  method 
by  which  the  comparative  values  of  different  irons  may  be  estimated. 

Ordinarily  the  tenacity  of  iron  is  expressed  in  the  strength  as  judged 
by  each  square  inch  of  the  sectional  area  of  the  test-piece  before  its 
form  has  been  changed  by  stress. 

Kirkaldy  suggested,  as  a  more  just  method,  that  the  area  correspond- 
ing to  the  diameter  oi  the  fractured  surfaces  should  be  adopted  as  the 
uuit  of  measurement.  Our  experiments  lead  us  to  believe  that  between 
these  extremes  of  original  and  fractured  areas  there  is  an  intermediate 
area  which  can  be  used  with  profit,  which  is  that  which  corresponds 
with  the  least  diameter  of  the  test-piece  at  the  stress  which  marks  the 
highest  point  of  resistance  to  continually  increasing  strains. 

This  point  we  have  termed  the  "tensile  limit79 

There  are  practical  difficulties  encountered  in  measuring  accurately 
the  diameter  of  the  fractured  surfaces.    Vernier  calipers  have  tangible 
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edges,  wbicli  can  be  brought  in  close  contact  with  the  smooth  parallel 
sides  of  the  unstrained  test-piece,  and  an  error  of  one-thousandth  part  of 
an  inch  is  not  liable  to  take  place,  but  after  the  test-piece  has  been 
pulled  asunder  there  is  a  practical  difficulty  in  joining  perfectly  the  two 
fractured  surfaces,  and  frequently  the  lino  of  fracture  is  not  at  right 
angles  with  the  axis  of  the  cylinder  5  this  necessitates  two  measure- 
ments, one  of  the  greatest  and  one  of  the  least  diameter,  and  an  inter- 
polation, and  in  making  these  measurements  there  are  chances  of 
error  even  if  the  line  of  fracture  is  at  right  angles,  which  are  iucreased 
when  it  is  not.  Between  the  edges  of  the  calipers  and  the  surface  of 
the  metal,  if  the  line  of  the  taper  toward  the  fracture  should  be  on  both 
sides  abrupt,  as  frequently  occurs  in  testing  steel  and  irons  con- 
taining much  carbon,  and  the  reduction  should  be  considerable,  there 
would  arise  a  possibility  that  in  the  attempt  to  measure  correctly  the 
diameter  of  the  fractured  faces  in  the  ordinary  manner,  viz.,  by  press- 
ing the  two  fractured  surfaces  together  by  screw  power  and  then  cali- 
periug  the  line  of  least  diameter,  we  would  leave  between  the.  edges  of 
the  calipers  *md  the  iron  a  little  triangular  space  to  which  we  would 
give  credit  as  iron  in  estimating  the  strength  ;  in  other  words,  without 
the  utmost  care  there  would  be  risk  of  over  measurement,  and  of 
recording  the  fractured  diameter  at  a  little  too  high  a  figure. 

If  this  little  space  on  each  side  were  but  two-thousandths  of  an  inch 
in  depth  there  would  be  an  error  in  measurement  of  /owr-thousandths, 
and  this  would  produce  a  serious  error  in  tabulating  the  results. 

For  instance,  take  at  random  from  our  records  an  example.  Of  iron 
F,  1£"  diameter,  the  test-piece  was,  before  fracture,  .5G4  of  an  inch  in 
diameter ;  it  broke  at  12,700  pounds  stress ;  reduced  to  the  square  inch, 
this  gives  50,840  pounds.  The  diameter  is  recorded  as  having  reduced 
to  .415  of  an  inch.  Assume  that  the  error  of  four-thousandths  has  been 
made  and  that  the  actual  diameter  was  .411  of  an  inch,  in  that  case  its 
actual  streugth  per  square  inch  of  fractured  area  was  1)5,704  pounds, 
while  we  have  recorded  it  as  93,8G5  pounds,  an  error  of  over  eighteen 
hundred  pounds.  Such  an  error  is  possible,  and  without  great  care, 
probable ;  but  it  could  not  be  made  in  measuring  the  diameter  of  the  as 
yet  unbroken  piece  without  gross  carelessness,  the  taper  being  long  and 
gradual ;  aud  an  error  of  a  thousandth  of  an  inch  seldom  is  made.  If 
in  measuring  the  original  area  an  error  of  four  thousandths  had  been 
made  there  would  have  been  an  error  of  but  722  pounds  in  the  tabulated 
strength,  the  error  in  measurment  of  one- thousandth  of  an  inch,  which 
is  possible,  making  an  error  of  184  pounds  in  the  result.  Thus  the 
tensile  strength  per  square  inch  of  original  area  is  more  liable  to  be  free 
from  errors  arising  from  inaccuracy  than  is  that  of  the  fractured  area. 

But  neither  of  these  measurements  provides  us  with  a  standard  by 
which  we  can  judge  of  the  relative  amount  of  change  of  form  that  takes 
place  with  different  irons  at  the  moment  when  they  finally  cease  to  resist 
an  increase  of  stress  5  this  deficiency  is  supplied  in  the  area  at  the  ten- 
sile limit,  which  is  that  which  corresponds  to  the  diameter  of  the  test-piece 
as  affected  by  the  highest  stress  the  material  is  capable  of  resisting,  and 
not  by  subsequent  stress  applied  to  a  rapidly  yielding  metal. 

Length  of  test-piece  — Not  only  the  resultant  strength  obtained  by  test- 
ing a  piece  of  iron,  but  the  value  of  the  "percentage  of  elongatiou,"  as  a 
factor  by  which  to  judge  of  the  ductility,  depend  upon  the  length  of  the 
test-piece  being  known.  Our  experiments  show  that  if  an  iron  is  judged 
by  a  test-piece  whose  length  is  less  than  four  diameters,  the  judgment 
is  wroug. 

The  following  illustration  shows  the  form  of  test-piece  adopted,  and 
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the  contrast  between  the*  action  of  coarse,  brittle  iron  and  that  of  a  soft, 
ductile  nature,  under  tension,  as  also  the  effect  which  can  be  produced 
by  thorough  reworking.  The  first  is  a  specimen  turned  from  contract 
chain-iron  which  broke  at  a  stress  of  48,000  pounds  per  square  inch, 
with  but  little  change  of  form;  the  secoud,  whose  original  dimensions 
were  the  same,  is  from  the  same  material  reworked,  and  was  broken  at 
51,000  pounds  per  square  inch. 

ACTUAL  STRENGTH,  AND  STRENGTH  AND  ELASTIC  LIMIT  PER  SQUARE 
INCH,  OF  959  BARS  OF  ROUND  IRON,  AS  OBTAINED  WHERE  NOT 
OTHERWISE  SPECIFIED  BY  TESTING-MACHINE  A. 

In  the  following  table  the  stresses  by  tension  required  to  rupture  many 
of  the  bars  we  have  tested  are  arranged  in  their  relative  order,  the 
greatest  stress  required  being  given  precedence  upon  each  size. 

In  the  columns  where  the  stress  is  reduced  to  the  square  inch,  the  area 
corresponding  to  the  actual  diameter  of  the  bars  has  been  used.  This 
gives  a  more  correct  estimate  of  the  relative  order  of  tenacity  than  the 
first  column,  in  which  bars  frequently  gain  or  lose  in  precedence  on  ac- 
count of  excess  or  lack  of  material,  some  being  rolled  "full"  and  others 
"scant." 

This  is  shown  in  regard  to  the  sizes  above  l|f ,  npon  which  inaccura- 
cies in  rolling  occur  most  frequently,  the  breakiug  strain  per  square  iuch 
being  given,  and  from  it  the  entire  strength  which  the  bar  would  have 
had  if  it  had  been  rolled  true  is  also  calculated  for  contrast. 

In  the  column  "  Standard  for  size,"  the  strength  which  we  have  found 
best  adapted  for  chain-cable  iron  is  placed  for  comparison. 

The  stress  at  elastic  limit  as  given  is  not  from  perfectly  accurate  data; 
it  is  simply  thp  amount  of  stress  which  produced  the  first  perceptible 
change  of  form,  divided  by  the  bar's  area. 

Our  method  is  necessarily  coarse,  and  it  is  probable  that  in  most  cases 
we  have  recorded  too  high  results.  The  determination  with  exactness 
of  the  elastic  limit  is  difficult  and  expensive.  The  p  ocess  of  procuring 
it  by  the  u  first  stretch"  is  easy  and  inexpensive,  and  the  results  ob- 
tained are  generally  correct  enough  for  practical  purposes,  especially 
when  the  fact  is  taken  into  consideration  that  a  slight  difference  in  the 
heating  of  the  piles  may  produce  a  difference  of  several  thousand  pounds 
per  square  iuch  in  the  limit  of  elasticity  of  two  bars  of  the  same  lot 
and  of  the  same  diameter.  With  testing-machine  A  we  could  observe  a 
stretch  of  from  .01  to  .03  of  an  inch;  with  B,  we  could  observe  that  of 
.002.  But  even  with  B  the  results  are  at  times  inaccurate.  Certain 
iions  with  low  tenacity,  but  high  elastic  limit,  will  remain  apparently 
unchanged,  then  in  an  instant  give  way,  and  be  found  to  have  stretched 
four  or  five  thousandths  of  an  inch.  On  pages  32  and  33  a  series  of 
comparisons  is  given  by  which  it  can  be  seen  that,  with  due  care  in  ob- 
serving, the  elastic  limit  as  observed  by  first  stretch  is  quite  accurate 
enough  for  all  practical  purposes.  These  abstracts  from  the  data  ob- 
tained by  tension  upon  bars  are  introduced  here,  as  they  furnish  us  with 
a  portion  of  our  working  data  used  in  the  calculation  of  the  proof-table. 
The  detailed  history  of  the  tests  is  given  in  the  tables  of  record  of  bars 
tested  by  tension. 

The  table  on  page  31,  showing  the  ratios  which  we  find  to  exist  between 
the  elastic  limit  aud  ultimate  strength  of  various  bars,  has  results  which 
have  furnished  us  with  a  maximum  ratio  of  stress  which  can  be  consid- 
ered safe  to  apply  to  a  cable  ibr  proof. 
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Strength  per  original  area,  per  square  inch,  and  elastic  limit  per  square  inch  of  959  round  bars. 
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110, 140 

63,537 

34,335 

M 

20 

64,285 

63,022 



D 

1 

110, 500 

53,614 

30,664 

F 

5 

62,520 

52,620 

88,220 

J 

1 

109,400 

52,748 

0 

1 

61,400 

60,040 

80,730 

E 
Fx2 

1 
8 

109,245 
108,800 

52, 675 
53,438 

S3,*745' 
35,870 

1A 

P 

94 

74,427 

64,518 

85,898 

72,183 

H 

E 

1 
1 

108,500 
108,384 

52, 314 
51,946 

29,864 
27,695 

11 

M 

48 

86,862 

58,926 

87,648 

78,607 

0 

1 

108,000 

52  401 

34,012 

M 

85 

87,496 

57,649 

88,578 

F 

2 

107, 520 

52,163 

83,907 

I> 

1 

86,800 

68,021 

32,152 

G 

1 

106,200 

51, 205 

83,818 
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Strength  per  original  area,  per  square  inch,  and  elastic  limit  per  square  inch,  fc— Cont'd. 


Strength. 

1 

3 

Strength. 

i 

| 

i 

-•§ 

! 

i 

~4 

i 

Vi 

o 

S 

3 

I 

"S 

3 

6 
ft 

1 
S 

i 
J 

|5 

i1 

J 
I 

J 

CO 

1 

I 

! 

© 

u 

•a 

u 
o 

if 

I1 

J 

In. 

Lb*. 

Lb*. 

Lb*. 

Lb*. 

In. 

Lb*. 

Lb*. 

Lb*. 

Lb*. 

1ft 

F 

2 

105,500 

50,529 

35.390 

11 

F 

6 

117,740 

49,738 

23,907 

F 

5   105,440 

50,970 

33,625 

0 

1 

116,500 

50,129 

32,271 

0 

■  1  jlOl,  700 

49,030 

31,099 

*tt 

K 

1 

148,800 

56,577 

130,965 

lit 

K 

1  (130,000 

56,595 

38,310 

114,770 

B 

4   138,507 

W.653 

B 

1   121, 150 

54,181 

C 

1  ,131,500 

50,009 

30, 814 

J 

1  121,000 

54,114 

O 

1  1129,850 

50,310 

33,505 

B 

8   118,273 

52,895 

33,145 

£ 

1    129,792 
1  {120,300 

50,307 

29, 707 

£ 

1   116,544 

52,120 

35,549 

J 

48,953 

6 

1  1115,800 

57,789 

34,160 

C 

1   111,400 

49,821 

33,184 

11 

C 

2  il54, 080 
1  1150,336 

35,803 
54,447 

31,031 
82, 334 

139,430 

11 

K 

1  !l39,200 

57,874 

122,745 

D 

1  1 140, 000 

53,100 

32, 074 

Pi 

2  1131,000 

54,212 

33,908 

K 

1    148,  350 

54,004 

33,  610 

C 

5  1 130. 836 

54,410 

31,354 

Fxl 

5  146,780 

52, 875 

35, 641 

P 

2 

130,050 

52,844 

33,842 

Fx3 

2  |146, 500 

53.361 

35, 032 

Fxl 

5 

129,500 

53,840 

36,573 

P 

2 

145, 200 

52,505 

32,312 

H 

1 

120,400 

53,800 

27,856 

£ 

2 

142,900 

50,880 

27, 100 

2* 

2 

129,350 

55, 018 

34,283 

D 

1 

142, 080 

51,459 

27, 810 

D 

1 

128,  GOO 

53,472 

31,892 

Px 

2 

142, 000 

51,702 

32,261 

J 

1 

128,100 

53,264 

M 

2 

141,300 

50,363 

D 

1 

120,720 

52,699 

27,817 

A 

2 

141, 120 

50,584 

28, 7i3 

Fx3 

2 

126,100 

53,154 

35,823 

F 

2 

140,925 

61,039 

33,067 

£ 

1 

124, 128 

61,000 

26,541 

Fx2 

3 

139, 000 

51, 159 

33. 970 

A 

2 

123,340 

51,509 

29,404 

F 

2 

no,  COO 

49,744 

35, 615 

F 

1 

121,020 

50,690 

32,229 

F 

3 

134, 500 

49,355 

32,855 

a 

1 

121, 200 

50,395 

36,254 

F 

2 

132, 250 

48,  G70 

23, 2.">0 

c 

1 

121,000 

50,312 

80,852 

0 

1 

129,000 

47, 478 

30,842 

F 

2 

120,200 

50,547 

35,954 

Fx2 

3 

120,107 

52, 314 

35,320 

H5 

M 

2 

155, 300 

51, 474 

148,137 

£ 

1 

110,808 

49,816 

31,214 

The  errors  which  are  liable  to  occur  in  estimating  the  strength  of  an 
iron  by  data  furnished  by  the  pulling  asunder  of  a  bar  or  bars  of  it, 
which  have  not  been  carefully  calipered  before  testing,  are  shown  in  the 
following  table,  in  which,  in  some  cases,  it  will  be  observed  "2"  bars" 
would,  if  so  considered,  be  credited  with  strength  of  from  5,000  to  8,000 
pounds  more  than  bars  of  that  diameter  actually  possessed,  the  cause 
being  irregularity  in  rolling,  or,  in  some  cases,  attempts  to  obtain  high 
records  for  the  iron. 

Strength  per  original  and  corrected  areas,  per  square  inch,  and  clastic  limit  per  square  inch 
of  88  bars  of  round  iron,  rolled  full  and  scant. 


Name  of 
iron. 


Si 

a  © 

I 


§3 

SO. 

-1 

I* 


-8 


00 


co  a 


si 


Cfi 


4° 


si 

I* 


Method  of  test  and  machine 
used. 


M 
M 

X.. 

X. 

Px 

M 

H 

£. 

P. 


2 

2 


198 
1.96 
2.03 
2.04 
2.01 
2,01 
2.01 
2.03 
2.02 


Pound*. 
156,000 
154,000 
194,880 
188,160 
167,900 
167,600 
150,000 
167,712 
105,600 


Pound*. 
152,432 
151, 061 
189, 129 
180, 818 
166,203 
165, 960 
154,463 
162,760 
162,339 


Pound*. 

51,707 
61, 242 
60,213 
57,567 
52,914 
52,820 
49,164 
61, 818 
51,684 


Pounds.  Pounds. 
148,137 


157,080 


81,441 
30, 839 
3L,198 


27,818 
33,104 


t.  m.  A,  rough  bare. 
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Strength  per  original  and  corrected  areas  per  square  incli,  <f  c.-r-Continued. 


Name  of 
iron, 


P.... 

N.... 

N.... 

Fxl  . 

C"  ... 

D*... 

P.... 

Fx2.... 

Fx3. 

A.... 

F.... 

P.— 
F   ... 

O.... 
D.... 
D... 
M  ... 
M  ... 
M  ... 
M  ... 
A.... 
M  ... 
M... 
M  ... 
M  ... 
P.... 
P.... 
P.... 
P.... 
P.... 
F.... 
P.... 
P.... 
F.... 
P.... 
P.... 
P.... 
F.... 
F-... 


2^ 
a 

o 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

r 

8f 

2i 


If 


2.01 
2.01 
2.01 
2.00 


1.00 
2.00 
2.00 
2.00 
2.01 
2.00 
2.00 
1.07 
L08 
2.10 
2.10 
2.13 
2.15 
2.13 
2.22 
2.22 
2.28 
2.26 
2.24 
2.24 
2.00 
1.03 
2.24 
2.60 
2.36 
1.00 
1.01 
.987 
.999 
1.000 
1.000 


S 

I 


Pounds. 
101,300 
10T»,400 
163, 000 


160, 704 
160, 700 
159, 840 
lb5, 500 
150,500 
157,  588 
152,260 
151, 900 
149, 9G0 
151, 640 
149, 600 
142, 100 
178, 600 
171,200 
184,600 
180,000 
170, 784 
200, 000 
200, 000 
210. 400 
205,  800 
189, 600 
192, 700 


184, 700 
232,400 


P  « 

1? 


Pounds. 
159,670 
163, 730 
161, 353 
163,420 


si 


157, 050 
159,500 
157,  588 
152, 260 
150.900 
149, 960 
151, 640 
154.367 
144, 960 
172, 258 
165, 119 
180, 282 
181,643 
171,625 
104, 161 
194, 161 
204, 883 
203,  982 
191,293 
194, 418 
195,476 
195, 977 
180,339 
232,400 
237,930 
232,  770 
275, 889 
837,003 
390,019 
452, 191 
515,423 
582,100 


Pounds 

50,834 
52, 127 
51,370 
52, 011 
51,  ira 
51, 146 
49, 872 
50,000 
60,763 
50,171 
48, 596 
47, 812 
47,560 
48,249 
49,146 
46, 151 
51  559 
49;  422 
50,481 
61, 225 
48, 382 
51.666 

51, 6  ;o 

51,530 
61. 296 
48, 812 
48, 898 
49,164 
49, 290 
46,866 
47,344 
48,475 
47, 428 
46,446 
47, 701 
47, 014 
47, 000 
46,667 
46,322 


a 

tt 


■3° 


Pounds. 


l! 


Pounds. 
31,878 
32,461 
32,460 
34, 702 
29,335 
28.567 
29,953 
36,184 
33, 172 
28, 983 
27,634 
35,864 
28,792 
31,413 
33,068 
36,050 


30,450 


81,966 
32, 163 
28,241 
29, 7f)8 
28, 932 
29, 041 
20, 833 
26,400 
24,691 
24, 901 
23,636 
23,430 


Method  of  test  and  machine 
usod. 


m.  A,  rough  bar. 

Do. 

Do. 

Do. 

Do. 

Do. 
m.  A,  turned  bar. 
m.  1),  turned  cylinders, 
in.  A,  rough  bar. 

Do. 
m.  A,  turned  bar. 
m.  D,  turned  cylinders. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


THE  ELASTIC  LIMIT  AS  A  PROVING  STRAIN. 

The  limit  of  elasticity,  or  that  point  in  the  strength  of  material  at  which 
it  ceases  to  possess  the  power  to  return  to  its  original  dimensions  when 
released  from  an  applied  strain,  has  by  common  consent  been  adopted 
as  a  point  to  which  it  is  safe  and  prudent  to  increase  a  steadily  applied 
strain  by  way  of  "  proof." 

If  this  point  were  for  each  kind  of  material  a  fixed  and  well  under- 
stood one,  there  would  be  little  difficulty  and  ijo  danger,  involved  in  its 
use;  or  were  it  to  be  found  with  certainty  between  well-defined  margins, 
due  care  would  enable  its  use  with  safety.  But,  unfortunately,  it  so 
happens  that  of  all  of  the  characteristics  of  wrought  iron,  this  factor  is 
the  most  variable,  and  affected  by  most  causes. 

Our  experiments  show  that  it  varies  not  only  with  different  ironsj  but 
with  bars  of  the  same  iron  differing  in  diameter,  and  with  bars  or  the 
same  iron  made  with  every  attention  to  uniformity,  through  slight  and 
perhaps  unnoticed  incidents  connected  with  the  manufacture. 

For  example :  Our  records  show  in  the  history  of  the  very  carefully 
made  "iron  F"  (second  lot),  that  between  the  elastic  limit  of  two  bars  of 
the  same  diameter  a  difference  of  over  30  per  cent,  occurred,  apparently 
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caused  by  one  of  the  bars  having,  while  in  the  pile,  been  heated  some- 
what more  than  the  other.  And  with  iron  Fx?  also  prepared  with  great 
care,  the  object  being  to  secure  uniform  tensile  strength,  the  variation 
in  elastic  limit  amounted  to  nearly  4,000  pounds  per  square  inch,  the 
tensile  strength  being  very  uniform. 

With  such  important  functions  depending  upon  it,  it  seems  that  all 
information  tending  to  fix,  even  approximately,  the  limit  of  this  factor 
must  be  valuable. 

We  have,  therefore,  while  making  tension  tests,  observed  the  point 
at  which  an  appreciable  change  of  form  occurred,  «nd  we  find  that  with 
ordinary  wrought  iron  the  marginal  limit  can  be  determined  with  con- 
siderable exactness. 

For  convenience  in  reference,  the  following  table  has  been  arranged, 
in  which  are  given  the  ratios  we  have  found  between  the  elastic  and 
tensile  limits  of  a  number  of  irons,  as  determined  by  over  800  tests,  of 
which  C48  were  upon  full-sized  bars  and  220  upon  cylinders  turned  from 
the  cores. 

Ratios  between  elastic  and  tensile  limits  as  found  by  means  of  868  tests. 


Iron. 

Bars,  full  size. 

Turned  cylinder. 

So. 

Batio. 

No. 

Ratio. 

cc 

Percent 

18 
18 
18 
17 
17 

Percent. 

60.9 

RW     .• 

' 

61.4 

CCB 

64.7 

11. 1 

29 
82 
10 
20 
26 
22 
16 
53 
26 

56.2 
69.7 
62.5 
60.6 
(JO.  1 
55.2 
62.1 
62.8 
68.4 

67.7 

A     

59.0 

I]     

c     

1) 

E             

14 

22 

25 

9 

24 

20 

66.6 

Fl 

66.8 

F2 

71.9 

F3         

74.7 

F  small     * 

69.4 

55.6 

Fxl°    

45 
27 
18 
21 
239 
18 
9 
27 
10 

64.3 
67.0 
64.9 
59.6 
63.5 
62.1 
64.2 
63.6 
62.9 

Fx2     

1x3       

K    

18 

56.4 

M    

X        

o 

p  

Px      

Total 

648 

62.2 

220  1               64.6 

CC.  contract  chain ;  RW,  the  name  reworked ;  CCB,  the  same  mixed  -with  boiler  iron ;  H.  I,  blooms  of 
experimental  cable. 

From  which  may  be  deduced  that  the  average  limit  of  elasticity  is 
not  far  from  62  per  cent,  of  the  tensile  strength,  and  that  variations 
from  this  mean  of  more  than  5  per  cent,  are  rare. 

The  extreme  variations  in  the  above  table  are  caused  by  the  action  of 
iroo  F,  in  whose  record  is  included  the  history  of  bars  varying  in  diam- 
eter from  3"  to  £". 

The  elastic  limits  from  which  the  foregoing  results  are  deduced  are 
those  obtained  by  noting  the  first  perceptible  stretch,  as  described.  The 
degree  of  dependence  to  be  placed  upon  this  method  may  be  judged 
by  the  following  series  of  comparative  tests,  one  of  each  pair  of  test- 
pieces  whose  test  is  given  having  been  tested  by  each  method — with 
one  the  instant  of  first  stretch  being  noted,  the  strain  not  ceasing  to 
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accumulate;  with  the  other  repeated  stoppages  took  place,  and  the 
dimensions  were  noted  with  a  magnifying  glass. 

The  time  occupied  by  the  first  method  was  practically  none;  by  the 
second  at  least  half  an  hour  on  each  specimen. 

The  approximation  of  the  results  shows  that  our  system  was  suffi- 
ciently accurate  for  all  practical  purposes. 

Comparison  of  the  elastic  limit  as  obtained  by  careful  test  and  by  observing  first  stretch. 


Name  of  iron. 


D 
D 
D 

F. 
F. 
F. 
F 
F. 
F. 
F. 
F. 
F. 
F. 
F. 
F. 


Elastic  limit  by- 


law. 
23,250 
24,345 
34,000 
23,400 
23,704 
24,095 
24,750 
24, 170 
25,280 
80,010 
31,880 
32, 480 
37,108 
39,009 
33,907 


Lbs. 
25, 263 
24,284 


23,430 
23,030 
24, 951 
24,591 
26,400 
20,333 
29,941 
32, 163 
31, 892 
87,410 
38, 992 
34, 208 


Lbs. 
34,559 
30,000 
33,485 


29,758 
31, 267 
85,864 
35,615 
35,954 
35,894 


Nam©  of  iron. 


F.. 
F.. 
F.. 
F.. 
F.. 
Fx 
Fx 
Fx 
K. 
K. 
Cx 
Cx 
Dx 
Dx 


In. 


Elastic  limit  by— 


Lbs. 

36,437 


40,534 

38,"802 
31, 830 
32,070 
35,714 
28,664 
26,058 
26,220 
30, 927 
26,500 
30,560 


II 

r 


Lbs. 

30,407 


40,554 
37,771 
39.650 
31,800 
31, 942 
85,523 
28,664 
27,539 
20,526 
30,799 
20,520 
30,430 


Is 
I1 


85,087 
39,103 
89,608 
35,493 
80,060 
84,702 
84,235 
34,279 


33,426 
86,960 
35,026 


Becord  in  detail  of  the  tests  by  which  the  elastic  limit  of  pieces  in  previous  table  were  obtained. 


i 

i 

| 

o 

sTon*  of  U dt- 
pieco. 

o 

A  g 

?l 

j! 

\% 

3" 

h 

CO  w 

Dimensions   of 
test-piece  after 
stress  was  re- 
laxed. 

Amount    of 
change  by 
stress. 

s 

s 
i 

I-9 

1 

i 
3 

*•* 

9 

i 

4 

J 

1 

• 

1 

§ 

3   . 

Remarks. 

II 

n 

a 

Pounds. 

Pounds. 

// 

a 

// 

II 

Pounds. 

D... 

2 

4.860 

1.000 

18, 200 

18,250 

4.862 

1.000 

0.002 

0.000 

23,350 

D.... 

\\ 

2. 980 

0.725 

10,000 

10, 050 

2.990 

0.721 

0.010 

0.004 

24,345 

D  ... 

2. 520 

0.520 

7,300 

7,400 

2.530 

0.497 

0.030 

0.497 

34, 900 

F8d. 

1 

2.568 

0.504 

7,700 

7,750 

2.648 

0.497 

0.080 

0.007 

38.800 

F3d. 

lr 





Lost. 

F3d. 

1; 

2.674 

6.552 

9,600 

9,700 

2.680 

0.549 

0.006 

0.003 

40,534 

F3d. 

lii 

2.905 

0.601 

10,150 

3.007 

0.595 

0.042 

0.006 

39,103 

F3d. 

It 

3.182 

0.050 

11,900 

12,090 

3.185 

0.648 

0.003 

0.002 

35, 087 

F3d. 

1| 

3.042 

0.727 

14,000 

14,140 

3.644 

0.727 

0.002 

0.000 

Abont  half  a  thou- 
sandth reduction. 

F3d. 

Ii 

3.975 

0.802 

19,080 
22,400 

19,700 
22.450 

85,894 
87,158 

F3d. 

if 

4.187 

0.877 

4.328 

0.862 

6.136 

0.015 

F3d. 

2 

4.989 

0.997 

25,250 

25,350 

5.086 

0.086 

0.097 

0.011 

82,480 

F3d. 

2* 

4.810 

0.997 

24,000 

25,000 

4.917 

0.989 

0.077 

0.008 

31,880 

F3d. 

l\ 

4.816 

0.995 

23,700 

23,800 

4.923 

0.088 

0.083 

0.008 

80,610 

F3d. 

4.904 

1.000 

19,750 

19,850 

4.945 

0.997 

1.041 

0.003 

25,280 

F3d. 

3 

4.904 

1.001 

19,000 

19,100 

4.928 

0.998 

0.024 

0.003 

24, 170 

Fx... 

1 

2.490 

0.500 

6,950 

7,000 

2.509 

0.495 

0.019 

0.005 

85, 714 

If 

8.050 

0.724 

13,100 

13, 200 

3.060 

0.719 

0.010 

0.005 

32, 070 

2 

4.992 

1.000 

24,950 

25,000 

5.104 

0.987 

0.112 

0.013 

81,830 

Cx... 

If 

2.983 

o.  ooi 

7,500 

7,550 

2.992 

0..599 

0.009 

0.002 

26,220 

Cx... 

1 

2.494 

0.497 

5,950 

6,000 

2.516 

0/490 

0.022 

0.007 

30, 027 

Dx  .. 

? 

8.016 

0.600 

7,500 
6,000 

26,500 

Dr.. 

2.505 

0.500 

5,950 

1520 

0.498 

0.015 

a  002 

80,560 
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Record  in  deUti  of  the  tort*  by  which  the  elastic  limit  of  piece*,  ^c— Continued. 


i 


Original  dimen- 
suna  of  test- 
piece. 


i 


Dimensions  of 
teat-pieoe  after 
stress  was  re- 


Amount  of 
change  by 
stress. 


I 
H 


3  . 


Bemarka. 


F.... 

F... 

F... 

F... 
F... 
F... 

F... 


4.090 
4.870 
4.970 

5.000 

4.900 
4.900 
4.900 

4.900 


0.999 
0.999 
1.002 


LOW 
1.002 
1.002 

1.002 


Pound*. 

19,800 
19,160 
20,100 

19,000 

19,000 
18,100 
18,160 

18,700 


Po\md$. 
19,400 
19,250 
20,200 

19,100 

19,100 
18,200 
18,250 

18,800 


4.998 
4.975 
4.970 

5.005 

4.910 
4.910 
4.915 

4.920 


0.998 
a  997 
1.000 


a  006 
0.005 
0.006 


0.998|  0.005 


0.998 
0.997 
0.998 

1.000 


0.010 
0.010 
0.015 

0.020 


0.001 
0.002 
0.002 

0.005 

0.002 
0.005 
0.004 

0.002 


24.750 
24.555 
25.620 

24.870 

24. 319 
23.090 
23.140 

23.840 


Seamy  and  open. 

Seamy  and  alight 

cracks. 
More  open  than 

the  first. 


Seamy  and  very 
open. 
Do. 


The  large  barsdiffered  from  the  small  ones  of  same  iron,  in  that  the 
fiber  was  coarser  and  more  open,  and  in  no  case  did  the  specimen,  after 
once  beginning  to  stretch,  recover  its  original  dimensions. 

INVESTIGATION  OF    THE    EFFECT    OF   DIFFERENCES  IN  THE  AMOUNT 
OF  SEDUCTION  BY  THE  BOLLS. 

In  procuring  material  npon  which  to  make  tests  by  tension,  both  in 
the  bar  and  link  form,  oar  custom  was  to  purchase  from  manufacturers 
at  least  one  bar  of  each  size  ordinarily  used  in  chain  cables.  Testing 
these  bars  in  their  normal  condition  by  tension,  it  became  evident  that 
the  strength  of  the  different  sizes  was  not  in  proportion  to  their  areas ; 
but  that,  on  the  contrary,  there  existed  a  variation  in  proportional 
strength  which  was  in  accord  with  variations  in  the  diameter  of  the 
bars.  In  general  terms  it  was  found  that  as  the  diameter  of  the  bars 
became  less,  the  strength  per  square  inch  increased;  but  in  comparing 
the  results  obtained  from  a  number  of  such  sets  of  bars,  it  became 
evident  that  the  increase  of  strength  between  the  two  extremes  of  2" 
and  1"  was  not  created  by  a  series  of  uniform  steps  upon  each  successive 
reduction,  but  that  there  was  one  point  in  the  reductions  where  a 
decrease  took  the  place  of  the  usual  incf  ease,  and  that  from  this  point 
the  increase  again  began,  and  generally  by  more  rapid  steps. 

Thus,  the  2"  bar  was  of  less  strength  per  square  inch  than  the  If"  j  it 
of  less  than  the  If",  and  it  of  less  than  the  If",  but  the  strength  of  the 
If"  was  greater  than  that  of  the  1£";  the  If",  1|",  1£",  and  sometimes 
the  1",  being  each  of  increased  strength  in  the  order  given. 

We  found  that  with  a  set  of  bars  of  the  above  sizes  the  difference  in 
proportional  strength  between  the  extremes  was  from  four  to  six  thou- 
sand pounds;  that  the  tenacity  of  the  If "  exceeded  that  of  the  2"  from 
two  to  three  thagpand  pounds,  and  that  of  the  1£"  from  one  to  three 
thousand  pounds  per  square  inch. 

As  these  variations  did  exist  in  all  uniform  irons  which  we  examined, 
we  considered  that  they  would  occur  generally  with  other  irons,  and  that, 
so  occurring,  their  existence  should  be  taken  into  consideration  in  any 
attempt  to  calculate  the  strength  of  links  or  other  articles  made  from 
bar-iron  of  various  sizes. 
3th 
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Experiments  at  the  testing-machine  afforded  no  indications  by  which 
we  could  determine  anything  in  regard  to  the  causes  of  these  variations. 
We  therefore  undertook  to  watch  all  of  the  processes  connected  with 
the  manufacture  of  a  "  set  of  bars,"  in  hopes  that  while  so  doing  we 
should  be  able  to  detect  the  hidden  reason. 

At  our  first  visit  to  a  rolling-mill,  a  set  of  bars  were  prepared  of  care- 
fully selected  material,  and  careful  notes  were  taken  during  the  process 
of  manufacture,  which  are  herewith  reproduced. 

There  were  two  bars  of  each  size  rolled. 


NOTES  IN  REGARD  TO  MANUFACTURE  OF 
Iron  F.— Second  lot. 
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15 

9 

07 
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8 

04 
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9 

07 
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04 
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06 
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04 
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06 
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A  study  of  these  notes  indicated  that  if  there  proved  to  exist  any 
marked  difference  in  the  characteristics  of  the  different  bars,  it  could 
not  bo  considered  as  owing  to  want  of  care  in  their  preparation. 

No  accident  caused  delays  while  passing  through  the  rolls,  and  tho 
number  of  passes  was  quite  uniform.  In  two  cases  there  are  indica- 
tions of  a  possible  irregularity,  due  to  irregularity  in  heating. 

The  If"  piles  were  first  taken  from  the  furnace,  and  although  pro- 
nounced "not  quite  hot  enough,"  were  rolled.  After  which  the  1£", 
which  was  the  next  one  rolled,  was  kept  in  the  furnace  nearly  half  an 
hour.  In  the  records  from  this  bar  of  If",  we  look  for  the  effect  of  un- 
derheating. 

One  of  the  1£"  bars  was,  through  accidental  causes,  retained  in  the 
furnace  twenty  minutes  after  the  other  had  been  rolled.  As  during  this 
time  the  heat  was  not  reduced,  it  was  expected  that  by  the  records  of 
the  two  bars  of  this  size  data  as  to  the  effect  of  overheating  would  be 
procured :  we  were  not  disappointed  in  either  case. 

Throughout  the  entire  examination  of  these  bars  the  action  of  the  1§" 
and  1 1"  differed  considerably  from  that  of  the  other  bars,  and  it  seems 
probable  that  these  differences  may  be  considered  as  the  direct  effects  of 
under  and  over  lieating. 

The  noted  differences  were  as  follows: 

Under  the  turning  tool. 

The  majority  of  the  bars  turned  smoothly,  the  shavings  being  pliable 
and  from  six  inches  to  three  feet  in  length,  and  they  could  be  straight- 
ened without  breaking. 
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The  shavings  from  the  If"  were  short,  "  chippy,"  and  brittle,  none 
exceeding  2",  and  many  not  over  \"  long,  and  when  handled  they  broke 
readily. 

Those  from  the  If"  bar,  which  was  overheated,  were  very  long  and 
pliable,  a  number  of  them  extending  to  from  20  to  30  feet;  they  could  be 
not  only  straightened,  but  bent  backward,  against  the  natural  coil,  until 
the  ends  of  a  piece  6  inches  long  could  be  lapped. 

Under  impact. 

The  If"  broke  readily  with  nearly  a  square  break,  showing  about 
thiee-fourths  granulous  surface. 

The  1$"  withstood  extreme  impact  tests,  and  after  being  deeply  nicked 
and  bent  to  angle  of  hammer  face,  the  specimen  was  closed  down  till  the 
ends  met,  showing  a  long  grey  fiber.    (See  Plate  IX,  Fig.  2.) 

Under  tension. 

The  reduction  of  area  and  elongation  of  the  If"  was  slight  compared 
to  that  of  the  rest  of  the  bars,  and  two  of  the  five  pieces  tested  broke 
square  close  to  the  clamping  heads,  showing  bright  crystalline  structure. 

The  action  of  the  If"  was  the  reverse,  it  showing  under  this  test 
great  ductility. 

Elastic  limit 

Compared  with  the  other  bars,  the  elastic  limit  of  the  If"  was  but 
slightly  if  any  affected,  those  of  other  bars  rolled  by  same  train  being 
as  follows :  Tested  as  en  tire  bars,  If"  32,019  pounds ;  1  J",  33,322  pounds ; 
1J",  34,591  pounds,  averaging  33,311  pounds,  that  of  the  If"  being 
34,469  pounds,  which  is  somewhat  higher,  and  may  indicate  an  increase 
through  imdterheating,  a  deduction  which  is  supported  by  the  contrast 
in  this  respect  shown  by  the  overheated  If"  bar,  when  compared  to  the 
other  of  same  diameter  and  with  the  other  bars  rolled  from  same  sized 
pile. 

As  shown  thus  by  tests  of  entire  burs : 

Pounds. 

Elastic  limit,  1J",  overheated 23,297 

Elastic  limit  If",  not  overheated 33,593 

Elastic  limit,  1%'',  If",  and  2",  not  overheated 30,441 

Which  shows  a  manifest  lowering  of  the  limit  of  the  entire  bar 
through  overheating. 
Tested  by  turned  cylinders,  we  procured  results  as  follows: 

Pounds. 

Elastic  limit  If",  tefttferheated 37,674 

Mean  of  H",  H",  and  1*" 34,344 

Mean  of  l|"  not  overheated 30,505 

Mean  of  If"  overheated '. 25,737 

Which  shows  that  the  slightly  increased  elastic  limit  of  the  If"  was 
caused  principally  by  the  condition  of  the  core,  and  the  difference  in 
strength  of  the  cores  of  the  two  bars  of  1  J"  is  less  than  that  between  the 
entire  bars. 

Tensile  strength. 

TESTED  AS  ENT1KE  BARS. 

Ponndi. 

If" 52,237 

1±" 52,620 

If 51,456 
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Pounds. 

1*"  overheated 48,670 

lf"not  overheated 49,508 

1*' 49,738 

TESTED  AS  CYLTNDEBS. 

If" 49,219 

11" 49,961 

11" 49,541 

If' overheated 48,560 

1J"  not  overheated 49,073 

If" 49,549 

From  which  may  be  drawn  the  inference  that  a  slight  irregularity  in 
heating  produces  no  great  effect  npon  the  tensile  strength,  but  appar- 
ently lowers  it  somewhat. 

The  causes  which  produced  the  irregularity  in  heating  of  the  bars  of 
If"  and  1J"  were  such  as  in  all  probability  occur  frequently  in  all  roll- 
ing mills,  and  which,  in  consequence,  enter  as  a  hitherto-unnoticed,  but 
quite  important,  factor  in  the  manufacture  of  iron  bars;  the  approach  of 
dinner  time  hurried  up  the  rolling  of  the  1|"  piles,  and  the  time  occupied 
by  the  men  at  dinner  delayed  the  1£" — also,  to  a  less  extent,  the  piles 
for  If"  and  2". 

No  other  exception  to  extreme  regularity  occurred,  and  we  were 
forced  to  search  for  the  solution  of  the  problem,  in  some  parts  of  the 
processes  which  were  consistent  with  regularity,  and  in  so  doing  the 
secret  revealed  itself.  For  if,  as  is  generally  admitted,  variation  in  the 
amount  of  work  given  to  iron  produces  variations  in  characteristics^  it 
could  but  be  expected  in  this  case,  when  an  irregular  amount  was  being 
administered  with  the  greatest  regularity,  for  in  the  transformation  from 
pile  to  bar  the  amount  of  work  varied  upon  each  size. 

The  sectional  area  of  the  pile  for  the  2"  bar  was  reduced  twenty  fold; 
that  of  the  If"  pile,  thirty  fold,  and  that  of  the  1  £",  thirty  six  fold ;  and  no 
two  of  the  intermediate  size  received  the  same  reduction,  the  1£",  for 
instance,  being  reduced  much  less  than  its  predecessor,  the  If",  as  will 
be  shown. 

The  areas  of  the  piles  from  which  the  2".  1£",  1$",  and  If"  bars  were 
rolled  were  the  same,  viz,  60  square  incnes ;  those  of  the  piles  from 
which  the  1£",  If",  1£",  and  1J"  were  rolled  were  also  uniformly  equal 
to  36  square  inches,  that  of  the  1"  being  equal  to  24  square  inches.  By 
contrasting  the  areas  of  these  piles  with  those  of  the  resultant  bars,  it 
will  be  seen  that  there  was  a  very  different  amount  of  reduction  pro* 
duced  by  the  rolls,  as  follows : 

Iron  F.— Second  lot. 


Slaeofbar. 
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2" 

60  square  Inohes. 

8.1416 
2.7612 
2.4058 
2.0780 
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4.01 
8.46 

ly 

86  square  Inches. 

1.7671 
1.4849 
1.2272 
0.0040 
0.7864 

4.91 
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ll"  :::::. 

4.12 

ll" 

....do 

3" ::..::.. 

....do 

8.41 

lj" : 

....do 

if" :::     : 
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2.76 
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24  square  inohes. 
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Thus  the  bars,  as  they  successively  decreased  in  diameter  from  2"  to 
If",  inclusive,  were  reduced  by  the  rolls  each  to  a  greater  extent  than 
was  its  immediate  predecessor.  At  the  1£"  size  the  reduction  was  but 
slightly  less  than  with  the  2",  but  from  this  point  increased  up  to  and 
including  the  1£".  This  coincidence  between  the  generally  observed 
results  and  the  apparent  causes  was  striking. 

The  tenacity  of  these  bars  agreed  to  some  extent  with  the  amount  of 
reduction,  but  not  so  closely  as  had  been  expected.  Their  order  of 
comparison  of  reduction,  and  tenacity,  as  judged  by  the  tests  of  entire 
bars  and  cylinders,  was  as  follows : 


Order  of  value. 

Order  of  value. 
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It  is  to  be  noted  that  the  underhe&ted  If",  which  as  entire  bar  ranked 
ETo.  3  in  tenacity,  as  a  cylinder  ranked  below  most  of  those  less  reduced. 

Subsequent  experiments  with  other  irons  led  us  to  believe  that  all 
of  the  above  bars  received  so  much  work  that  the  slight  differences  be- 
tween the  amounts  received  by  the  different  ones  did  not  amount  to  a 
large  proportion  of  the  entire  work  received;  hence  that  its  effect  was 
lost,  and.  judging  by  the  If"  bar,  it  seemed  probable  that  slight  and 
unnoticed  irregularities  in  heating  produced  effects  which  canceled  that 
due  to  variations  in  reduction.  This  belief  was  strengthened  by  the 
contrast  in  action  of  the  1  $"  and  If"  bars ;  the  former  was,  we  knew, 
slightly  overheated  and  the  latter  rolled  at  too  low  a  heat. 

The  proprietor  of  the  rolling-mill  was  present  when  this  explanation 
of  the  irregular  strength  of  different  sized  bars  presented  itself,  and  be- 
came so  much  interested  in  the  result,  which  seemed  to  point  out  a 
method  by  which  even  his  remarkably  uniform  iron  could  be  improved  in 
this  respect,  that  he  gave  orders  to  the  superintendent,  to  furnish  the 
Board  with  all  of  the  material  and  labor  required  to  carry  the  investiga- 
tion through,  and,  in  compliance  with  these  orders,  the  experiment  was 
repeated,  and  another  set  of  bars  rolled  by  the  same  mill,  of  the  same 
material,  the  set  comprising  bars  of  all  sizes,  ranging  by  £"  from  4" 
diameter  to  £"  diameter.  The  iron  was  very  carefully  heated,  and  re- 
ceived a  very  uniform  number  of  passes  through  the  rolls;  the  sizes 
from  £"  to  I"  averaging  12  passes  (11  to  13)  through  rough,  and  12 
through  finishing  rolls ;  from  1"  to  2",  inclusive,  averaging  12  through 
rough,  and  12  through  finishing-rolls;  and  from  2£"  to  4",  10  through 
rough,  and  13  through  finishing-rolls. 

The  dimensions  of  the  piles,  the  proportion  borne  by  the  areas  of  the 
resultant  bars,  and  the  tensile  strength  and  elastic  limit  per  square  inch 
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of  the  bars,  as  found  by  tests  made  upon  them  entire,  and  upon  cylin- 
ders turned  from  the  cores,  are  given  in  the  following  table : 

Ikon  F— Third  lot.     % 

Comparisons  of  the  reduction  by  the  rolls,  with  the  effects  upon  tenacity  and  elastic  limit. 
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A  study  of  the  preceding  table,  in  connection  with  the  subject  under 
investigation,  shows,  first,  that  upon  the  nine  successively  decreasing 
sizes,  viz,  from  4"  to  2",  there  was  but  one  exception  to  a  constant  rise  in 
tenacity  accompanying  the  increase  of  reduction  by  the  rolls,  and  tbat 
the  elastic  limit  rose  upon  each  successive  reduction  with  two  exceptions, 
which  are  very  slight,  it  falling  off  350  pounds  in  one  and  67  pounds  in 
another  instance;  the  tenacity  of  the  2"  (4.36  per  cent,  of  pile)  being 
over  that  of  4"  (15.70  per  cent  of  pile)  1,106  pounds  and  the  elastic  limit 
8,462  pounds.       * 

From  1$"  (7.67  percent,  of  pile)  to  1£"  (3.41  percent,  of  pile)  the  iron 
was  somewhat  irregular,  and  there  was  but  a  slight  rise  in  tenacity,  viz, 
431  pounds,  but  in  the  elastic  limit  the  rise  was  4,993  pounds. 

The  tenacity  of  the  £"  (4.91  per  cent,  of  pile)  was  but  104  pounds 
greater  than  that  of  1  £"  (4.90  per  cent,  of  pile),  that  of  g "  (2.50  per  cent. 
of  pile)  nearly  corresponding  with  that  of  1$"  (4.12  per  cent,  of  pile). 

The  effect  of  the  reduction  was  most  marked  on  the  smaller  sizes,  the 
£"  (2.17  per  cent,  of  pile)  having  nearly  5,000  pounds  less  tenacity  than 
the  J"  (1.60  per  cent,  of  pile). 

The  notes  taken  at  the  mill  do  not  indicate  that  either  bar  was  under 
or  over  heated,  but,  judging  by  the  results  of  the  previous  experiment, 
there  are  indications  that  the  1  £"  bar  was  overheated,  inasmuch  as  the 
strength  of  the  core  exceeded  that  of  the  entire  bar. 

So  far  as  this  experiment  was  expected  to  account  for  the  usually 
found  greater  strength  of  the  1|"  bar  it  proved  a  failure,  for  it  was 
weaker  than  the  bars  immediately  succeeding  or  preceding,  out  we  con- 
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sidered  that  the  information  gained  as  to  the  probable  effect  of  under 
and  over  heating  was  of  value. 

The  indications  being  that  if  a  bar  is  underheated  it  will  have  an  unduly 
high  tenacity  and  elastic  limit,  and  that  if  overheated  the  reverse  will  be 
the  case;  further,  that  if  vnd cheated  the  strength  obtained  by  a  cylin- 
der, turned  from  the  core,  will  be  less  than  that  which  would  be  obtained 
by  testing  the  entire  bar,  if  the  diameter  be  small,  and  greater  if  the 
cylinder  is  turned  from  a  large  bar. 

It  is  possible  that  the  above  two  points  are  interdependent,  as  the 
large  bars  are  more  apt  to  be  irregularly  heated  than  the  small  ones,  and 
some  portions  of  the  pile  must  be  in  a  state  fit  to  roll  before  other  por- 
tions are  sufficiently  heated ;  these  overheated  portions  we  turn  off  from 
the  bar  to  produce  the  cylindrical  test-piece. 

As  in  the  previous  experiment,  we  believed  that  the  thorough  work 
received  by  all  sizes  put  them  in  a  condition  which  prevented  the  effect 
due  to  a  slight  difference  in  the  reduction  being  plainly  manifest.  We 
therefore  selected  for  another  experiment  the  bars  of  a  very  slightly 
worked  iron,  viz,  iron  N". 

Ikon  N. 

Dimensions  of  piles,  areas  of  piles,  of  ban  in  percentage  of  those  of  piles,  tenacity,  elastic 

limit,  #c 


Area  of  bars  in 

TenaOe 
strength. 

Size  of  bar. 

Dimensions  of  piles. 

Area  of  piles. 

per  cent,  of 
area  of  piles. 

Elastic  limit. 

Inch*. 

Inchss. 

Square  inohet. 

Percent 

Pounds. 

Pounds. 

2 

6x4f  x26 
6  x  4f  x  21 

27 

11.63 

51,848 

32,461 

W 

27 

10.22 

54,034 

33,610 

8x4}x21 

27 

8.00 

55,018 

34,283 

11 

6  x  4f  x  164 

27 

7.68 

56,844 

85,889 

H 

4x3fx25 

16 

11.78 

53,550 

34,690 

if 

4  x  3}  x  23 

15 

9.00 

54,277 

83,622 

il 

4  x  8$  x  17 

15 

8.18 

56,478 

33,251 

H 

4x8|xl6 

15 

6,62 

56,143 

32,267 

The  above  results  supplied  the  missing  evidence ;  with  few  exceptions 
the  tenacity  and  elastic  limit  increased  upon  each  successive  increase 
in  the  amount  of  reduction  by  the  rolls,  as  shown  more  plainly  thus, 
where  they  are  arranged  in  the  order  of  their  reduction : 


Precedence  in— 

Sise. 

Bemarks. 

Seduction. 

Tensile 
strength.  * 

Elastic  limit. 

Inches. 

• 

1 

> 

1 

8 

8 

l! 

! 

2 

1 

1 

1; 

8 

2 

6 

1 

, 

4 

4 

3 

1 

' 

5 

5 

4 

1 

' 

6 

8 

5 

2 

7 

7 

7 

1* 

8 

6 

2 

The  tensile  strength  of  2"  bar  was  probably  greater  than  recorded, 
the  iron  being  so  brittle  that  the  head  of  test- piece  pulled  off,  and  the 
bar  could  be  broken  by  sledge  blows  without  previous  nicking.  This 
iron,  under  every  form  of  test,  showed  by  its  marked  contrast  with  iron 
F  the  disadvantages  which  follow  too  little  work. 
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Ikon  A. 

Our  next  experiment  was  with  iron  A,  and  the  dimensions  of  the  piles, 
areas  of  bars  in  percentage  of  that  of  piles,  tenacity,  elastic  limit,  &&, 
are  given  in  the  following  table. 

The  piles  of  this  iron  were  for  the  four  largest  sizes  10"  x  10",  and  for 
the  other  five  sizes  8"  x  9" ;  these  were  reduced  by  the  steam-hammer 
to  6"  x  6"  and  5"  x  5".  As  with  the  previous  irons,  we  have  neglected 
all  preliminary  work  and  based  our  research  upon  the  effects  of  the  final 
rolling  alone,  we  do  the  same  in  this  instance. 

Iron  A. 


Area  of  bar 

Size  of  bar. 

Area  of  pile. 

inperoent 
of  area  of 
pile. 

Tensile 
*  strength. 

Elastic  limit 

Bemarka. 

Inches. 

Square  inches. 

Per  cent 

Pounds. 

Pounds, 

2 

86 

8.72 

,      50, 171 
r      50,850 

27,600 

1] 

' 

86 

7.67 

27,600 

1 

86 

6.68 

51,509 

29,400 

1 

: 

86 

5.76 

54,844 

32,900 

XTnderheated  when  rolled. 

I 

1 

25 

7.07 

51,884 

28,800 

l! 

25 

5.04 

53,557 

83,000 

1 

25 

4.90 

53,879 

27,600 

ll 

\ 

25 

3.88 

53,085 

27,650 

1 

25 

8.14 

54,690 

80,500 

The  preliminary  hammering  had  undoubtedly  a  great  effect  upon  this 
iron,  which  was  made  by  combining  old,  very  coarse,  and  brittle  chain- 
iron,  with  old  boiler-iron,  and  in  regularity  and  uniformity  was  very  liable 
to  prove  a  direct  contrast  to  iron  F,  which  was  carefully  made  of  select 
material,  yet  we  find  the  same  law  operating. 

On  the  first  four  sizes  every  decrease  in  the  percentage  of  the  piles 
area  given  to  the  bar  was  followed  by  an  increase  of  tenacity  and  a  higher 
elastic  limit. 

The  1!",  through  accident,  got  quite  cool  before  it  was  rolled,  which 
probably  increased  its  tenacity.  With  the  five  smaller  sizes  there  was  a 
marked  increase  between  the  extremes;  the  1J"  (7.07  per  cent,  of  pile) 
having  tenacity  2,806  and  elastic  limit  1,700  pounds  less  than  the  1" 
(3.14  per  cent,  of  pile). 

The  elastic  limit  was  generally  low,  but  in  this  respect  this  iron  pos- 
sessed a  feature  -  peculiar  to  itself — it  was  made  of  materials  differing 
greatly  in  strength,  and  the  weakest,  or  boiler-iron,  stretched  first,  then 
the  other  iron;  but  once  stretching  together,  it  would  resist  increased 
stress  with  very  slight  change.  It  stretched  in  parts,  but  broke  as  a 
unit. 

IBON  P. 

The  manufacturer  of  iron  P  having  complied  with  our  request,  by 
causing  notes  to  be  taken  during  the  manufacture  of  a  set  of  bars 
furnished,  we  were  able  to  obtain  from  its  record  more  confirmatory 
data. 

EXPERIMENTS  WITH  IKON  P. 

This  iron  was  made  in  this  manner:  puddled  iron  bars,  3"  and  6" 
wide,  were  piled  endwise  and  crosswise;  this  pile  was  then  heated  and 
hammered  into  a  bloom  8"  square,  which  was  rolled  into  bars  6"  wide 
and  2"  thick,  which  were  piled  lengthwise,  ten  deep,  making  a  pile  6" 
x  7£tf,  for  all  sizes  from  2"  to  1£",  inclusive. 
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Hie  1  J"  and  1"  bars  were  made  from  billets  3£"  square,  rolled  from 
the  blooms,  then  reheated  and  rolled  to  the  required  sizes. 
The  dimensions  of  piles,  &e.,  are  given  in  the  following  table: 


Ibon  P. 


Area  of  bar  in  per 

• 

Sis©  of  bar. 

Area  of  pile. 

cent,  of  area  of 
pile. 

Tensile  strength. 

Elastic  limit 

Inch*. 

Square  indhe*. 

Percent 

Pound*. 

Pounds. 

2 

45 

6.96 

50,834 

31.878 

1 

1 

45 

6.18 

62,800 

82.313 

1 

45 

5.84 

52,849 

83.482 

ll 

■ 

45 

4.60 

55,634 

33.522 

1 

• 

45 

8.91 

54,145 

88.140 

li 

■ 

45 

a  30 

55,230 

84.762 

X 

45 

2.72 

56,871 

86.868 

li 

■ 

45 

2.21 

57,498 

Lost 

1 

45 

1.74 

59,755 

89.230 

In  this  case  there  was  but  one  exception  to  the  constant  increase  of 
tenacity  and  elastic  limit  produced  by  the  increased  reduction  by  the 
rolls. 

The  If"  bar,  through  some  unknown  cause,  differed  greatly  from  the 
others,  both  in  action  under  stress  and  in  appearance  of  fracture. 

All  of  the  others  showed  great  reduction  of  area  and  close  fibrous 
structure ;  this  bar  broke  with  almost  imperceptible  reduction,  and 
showed  a  bright  crystalline  surface. 

This  iron  was  excellent  bar-iron,  but  had  received  too  much  work  for 
cable-iron,  its  welding  qualities  being  impaired,  and  the  forging  neces- 
sary to  produce  the  link  reduced  the  strength  of  the  part  forged. 

The  manufacturers  prepared  another  set  of  bars,  one  course  of  heat- 
ing and  hammering  being  omitted.  The  iron  was  piled,  also,  in  a  differ- 
ent manner  from  P?  as  will  be  seen  in  the  following  table,  which  gives 
the  data  embraced  in  the  previous  table. 

This  iron  was  distinguished  as  P#  (or  P  experimental). 

Iron  Px. 


Area  of  bar  in  per 

Size  of  bar. 

Area  of  pile. 

cent,  of  area  in 
pile. 

Tensile  strength. 

Elastic  limit. 

Indue. 

Square  inches. 

Percent. 

Pounds. 

Poundt. 

2 

49.6 

6.35 

52,509 

31, 198 

1 

' 

45 

6.13 

61,762 

32,261 

1 

42 

5.72 

54,212 

33,908 

1 

40.5 

5.21 

54,689 

83,427 

1 

40.5 

4.86 

54,854 

34,617 

1 

• 

88 

4.11 

l] 

81.5 

8.89 

56,834 

83,921 

The  results  are  irregular,  but  as  between  the  extremes  of  size  are 
confirmatory  of  the  previous  experiments. 

Further  confirmation  was  obtained  in  an  indirect  manner  by  the  re- 
sults of  tension-tests  upon  iron  E.  We  tested  two  sets  of  bars  of  this 
iron  furnished  at  different  times;  with  each  set  we  found  that  the  falling 
off  of  strength,  usually  occurring  at  the  1&"  size,  did  not  take  place,  but 
that,  on  the  contrary,  the  1£"  possessed  more  tenacity  than  the  1§",  and 
the  If"  much  less;  thus: 

First  set,  2",  tensile  strength,  51,152;  If",  52,000;  1£",  55,415;  If", 
52t254  pounds. 

Second  set,  If",  52,675;  1£",  54,544;  If",  53,900  pounds. 
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Upon  purchasing  a  third  set  of  bars  (which  have  not  yet  been  tested), 
the  dimensions  of  the  piles,  together  with  all  data  as  to  the  construction 
of  the  iron,  were  also  furnished,  and  upon  the  assumption  that  the  man- 
ner described  is  the  usual  manner  by  which  bars  are  rolled  at  this  mill, 
we  find  an  explanation  of  the  low  tenacity  of  the  1§"  bars  of  preceding 
lots. 

NOTES  IN  REGARD  TO  MANUFACTURE  OF  UNTESTED  BARS  OF  IRON  E. 


Area  of  bar  in 

Area  of  bar  in 

Size  of  bar. 

Area  of  pile. 

per  cent,  of  area 
of  pile. 

Size  of  bar. 

Area  of  pile. 

per  cent,  of  area 
of  pile. 

Inches. 

Square  inches. 

Percent 

Inches. 

Square  inches. 

Percent. 

5 

63 

•      3L17 

2* 

401 

9.88 

3 

63 

28.13 

2 

85 

a  98 

52j 

> 

30.28 

If 

35 

7.89 

V 

62 

f 

23.05 

if 

28f 

a  08 

3* 

52 

■ 

21.04 

]f 

29; 

6.93 

8 

37 

f 

25.65 

1 

29 

5.94 

87 

f 

22.12 

1 

W; 

11.20 

3 

87 

r 

18.85 

li 

1ft; 

9.26 

n 

37 

! 

15.84 

1* 

1ft; 

7.50 

4G, 

12.19 

1 

H 

8.16 

When  this  series  of  bars  is  tested  by  the  testing-machine  of  the 
Board,  if  their  tenacity,  &c.,  corresponds  with  the  above  reduction,  we 
will  be  still  more  assured  as  to  the  effect  upon  the  same  material  of 
different  amounts  of  reduction. 

The  evidence  submitted  is  of  sufficient  value  to  justify  us  in  asserting 
that  variations  in  the  amount  of  reduction  by  the  rolls  of  bars  from  the 
same  material  produce  fully  as  much  difference  in  their  physical  char- 
acteristics, as  is  produced  by  differences  in  their  chemical  constitution. 

EXPERIMENTS  UNDERTAKEN  WITH  THE  PURPOSE  OF  PRODUCING  UNI- 
FORM TENSILE  STRENGTH  IN  BARS  OF  VARIOUS  SIZES. 

In  order  to  ascertain  beyond  question  if  the  rule  would  work  both 
ways,  and  uniform  tenacity  be  secured  by  uniform  reduction,  a  series  of 
experiments  was  carried  on  at  the  rolling  mills  where  those  upon  iron 
F  had  been  made.  The  material  (crude  and  reheated  slabs)  was  given 
to  us  by  the  mill  owner,  and  was  identical  with  that  from  which  iron  F 
was  rolled. 

Three  sets  of  bars  from  1"  to  2"  were  rolled  during  this  research, 
which  are  called  in  this  report  Fa?,  Nos.  1,  2,  and  3;  the  first  two  sets 
were  not  successful,  the  testing-machine  showing  our  failure;  the  third 
proved  a  success. 

The  following  is  a  brief  history  of  these  experiments : 

First  experiment. 

Fa?,  Xo.  1. 

In  preparing  the  piles  for  the  first  set,  they  were  so  graduated  that 
the  percentage  of  the  piles'  area  borne  by  the  bar  should  increase 
slightly  upon  each  reduction  in  diameter  of  the  bar,  it  being  believed 
that  the  additional  work  thus  given  to  the  smaller  sizes  would  in  a  meas- 
ure counteract  the  possible  differences  which  might  be  due  to  overheat- 
ing of  the  large  and  underheating  of  the  small  bars. 
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The  dimensions  of  piles,  &c,  are  given  in  the  following  table,  together 
with  the  tensile  strength,  elastic  limit,  &c.,  of  the  resultant  bars : 

FsKo.  l. 

Dimensions  of  piles,  of  bars  in  per  oent.  of  area  of  piles,  tenacity  and  elastic  limit  of  series 

of  bars. 


Size  of 
bar*. 

Dimensions 
of  piles. 

Area  of  piles. 

Area  of  bare  in 
per  cent,  of 
area  of  piles. 

Tensile 
strength. 

Elastic 
limit. 

Remarks. 

Inches. 

Inches. 

Squareinches. 

Percent. 

Pounds. 

Pounds. 

2 

8x10 

80 

3.93 

52,011 

34,702 

8x  9 

72 

3.83 

52,874 

85,641 

If 

8i   8 

64 

3.75 

53,846 

36,573 

1| 

6x10 

60 

3.45 

53,537 

84,235 

1* 

Ox   9 

54 

3.27 

53.491 

34,307 

H 

6x   8 

48 

3.09 

52,968 

33,275 

Averages  53, 121  X.  S.  and 
34, 700  £.  L. 

3 

6x   8 

« 

2.55 

55,807 

34,784 

Ox   C 

30 

2.76 

56,434 

34,682 

1 

Ox  5 

" 

2.62 

55,770 

34,279 

Averages  55, 837  T.  S.  and 
34, 582  E.  L. 

The  results  show  a  nearly  uniform  tenacity  for  the  first  six  sizes,  then 
an  increase,  which  remains  quite  uniform  for  the  other  three,  the  elastic 
limit  remaining  very  uniform  throughout. 

The  tenacity  of  the  2"  bar,  rolled  by  the  usual  process  (iron  F,  2"),  its 
area  being  5.23  per  cent,  of  pile,  was  47,569  pounds,  showing  an  increase 
upon  this  size  by  the  experimental  process  of  4,442  pounds ;  and  the 
increase  in  the  elastic  limit  (5,910  pounds)  was  still  more  marked. 

23b  explanation,  except  that  they  were  possibly  not  enough  heated, 
accounts  for  the  increased  tenacity  of  the  1£"  and  1"  bars ;  the  1  J"  was 
by  mistake  rolled  from  too  large  a  pile. 

Weighing  the  merits  of  this  iron  as  adapted  for  cable,  it  is  evident  by 
our  tests  that  although  the  increase  of  work  improved  it  as  bar-iron,  yet 
as  cable-iron  it  was  not  so  valuable  as  that  made  of  the  same  material 
by  the  usual  processes ;  and  further,  that  although  the  strength  of  the 
entire  bars  was  increased  by  the  extra  work,  yet  that  of  the  core  of  the 
iron  was  not,  as  shown  by  the  following  tests : 


Tensile  strength  and  elastio  limit  of  three  bars  iron  Fx,  as  found  I 

and  of  turned  cylinders. 


r  rupture  of  entire  bars 


Size. 

Tensile  strength. 

Elastio  limit. 

Entire  bar. 

Cylinder. 

Entire  bar. 

Cylinder. 

Inches. 
2 

Pounds. 
52,011 
53,537 
53,570 

Pounds. 
45,964 
47,124 
49,656 

Pounds. 
34.702 
34,235 
34,279 

Pounds. 
31,830 
82,070 
85,714 

The  difference  in  each  factor  diminishing  as  the  diameters  decrease.* 

With  iron  Fx  the  small  bars  were  not  so  much  overworked  as  the  larger 

ones.    Tests  by  impact  showed  that  while  the  bars  were  entire  those 

which  had  received  the  most  work  were  stiffer  than  the  others,  but  that 

a  slight  cut  through  the  skin  reversed  their  value.    The  blows  were  of  a 

*A  similar  difference  between  the  elements  of  tensile  strength  and  elastic  limit  as 
given  by  entire  bar  and  cylinder  occurs  in  a  greatly  overworked  bar  of  iron  D,  a  soft 
rivet  mixture. 
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100-pound  hammer  dropped  30  feet,  and  the  deflection  at  each  blow 
being  noted,  proved  as  above  stated. 

Comparison  of  the  effects  produced  by  impact  upon  bars  of  irons  F  and  Fx. 


Bare  not  nicked. 

Bars  nicked. 

Deflection  produced  by  each  blow. 

Deflection  produced  by  each  blow. 

Iron. 

Size. 

1st 

2d. 

3d. 

4th. 

5th. 

6th. 

7th. 

8th. 

1st 

2d. 

3d. 

4th. 

5th. 

6th. 

p 

Inch. 
2 
2 

o 
22 
19 
27 
25 
34 
80 
89 
85 
46 
40 
60 
57 
76 
72 
103 
90 
112 
110 

o 
35 
82 
43 
41 
60 
60 
64 
60 
82 
80 
97 
98 
110 
112 

o 

48 

46 

62 

68 

72 

70 

90 

90 

107 

107 

118 

120 

o 
60 
68 
78 
70 
95 
90 
111 
110 

o 

79 

73 
100 

90 
110 
110 

o 
85 
80 
109 
98 

o 

96 

90 

0 

109 

107 

o 
18 
87 
23 
40 
39 
45 

Broke. 
86 
27 
65 
90 
75 

Broke. 
90 

Broke. 
110 

Broke 
110 

o 

81 

60 

Broke. 
75 

Broke. 
70 

o 

45 

63 

o 

62 

67 

o 

00 
95 

0 

UO 

Fx 

p 

} 
1 

1 
1] 

1 
f 

• 
• 

Fx 

95 

107 

P 

Fx 

UO 

F 

Fx 

100 

55 

Broke 

F 

A 

Fx 

F 

ft 

Fx 

110 

F 

ft 

Fx 

112 

F 

ffi 

Fx 

112 

F 

ft 

Fx 

The  blows  marked  "  a"  being  from  2.000  to  1,000  foot-pounds  less  than 
those  given  to  the  other  bars.  All  oi  the  pieces  were  of  uniform  pro- 
portional length  (12  diameters)  and  treated  uniformly. 

Thus,  throughout,  the  bars  of  iron  Fa?,  when  not  nicked,  withstood,  with 
less  deflection  than  iron  F,  the  same  blows;  when  nicked,  the  case  was 
reversed,  except  in  the  case  of  a  few  bars  of  F,  which  broke  at  fewer 
blows  than  Fa?  resisted,  from  which  data  we  argue  that  the  increase  of 
work  strengthened  the  outer  portion  of  the  bar  much  more  than  it  did 
the  interior,  and  that  the  elastic  limit  was  raised  with  the  strength,  the 
bars  thus  gaining  in  resilience  and  tenacity. 

As  cable,  the  welding  qualities  of  Fx  were  inferior  to  those  of  F,  and 
this  inferiority  was  greater  with  the  larger  bars. 

Fa?,  ETos.  2  and  3. 

A  second  attempt  to  produce  a  set  of  bars  of  uniform  tenacity  resulted 
in  a  complete  failure,  due,  we  were  assured,  to  a  misunderstanding  in 
regard  to  heating  the  piles,  but  on  a  third  attempt  we  were  successful, 
as  shown  by  the  following  table,  in  which  the  usual  data  are  given : 

Fx  No.  3. 

Dimensions  and  areas  of  piles f  areas  of  bars  in  percentages  of  areas  of  piles,  tensile  strength, 

elastic  limit,  fc,  of  nine  bars. 


i 

"8 


Inches. 
2 


* 

ft 

if* 

li 

1 

s* 

* 

s 

< 

< 

Inches. 

JSq.in. 

Psret 

8x10 

80 

3.92 

8  xlO 

80 

3.45 

8x9 

72 

3.34 

8x8 

64 

3.24 

8x9 

64 

3.27 

\ 

«£ 

J 

s 

3 

■s 

H 

i 

3 

Inches. 

Pounds. 

Pounds. 

50,763 

83,258 

*f 

53,361 

35,032 

l! 

53,154 

35, 323 

li 

53,329 

33,520 

1 

52,819 

84,840 

1% 


Inches. 
6x  7 
6x  6 
Ox  5 
5x   5 


So.  in. 
42 
36 
80 
25 


.d 

a 

1 

c 

a 

© 

V 

g 


5 


Per  et.  Pounds,  Pounds. 


3.53 
8.41 
3.31 
3.14 


52,733 
53,248 
64,648 
63,915 


84,606 
33,520 
34,695 
36,287 
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The  pile  for  the  2"  was  necessarily  too  small,  as  there  were  no  rolls  in 
the  mill  which  wonld  take  a  larger  pile.  The  record  is  however  of 
value  as  a  contrast  to  that  of  the  other  eight  bars,  the  average  of  whose 
tensile  strength.  53,401  pounds,  and  of  elastic  limit,  34,365  pounds,  is  but 
slightly  varied  from  by  any  of  the  bars. 

It  is  assumed  that  the  record  of  the  foregoing  bars  is  sufficient  to 
establish  more  firmly  the  assertion  already  made  in  regard  to  the  effect 
of  different  amounts  of  reduction. 

Two  practical  results  of  value  may  be  deduced  from  this  investigation 
of  the  action  of  the  rolls. 

The  first  is,  that  as  important  differences  exist  in  the  proportionate 
strength  of  different-sized  bars  made  of  the  same  material,  which  are 
due  entirely  to  differences  in  the  processes  by  which  they  are  manufact- 
ured, and  as  the  elimination  or  reduction  of  such  differences  would 
necessitate  such  a  great  and  expensive  change  in  the  system  by  which 
the  bars  are  produced  that  it  is  not  probable  that  it  will  be  often 
attempted,  it  is  necessary  that  these  differences  should  be  taken  into 
consideration  when  estimates  of  the  strength  of  any  structure  in  which 
rolled  wrought  iron  of  different  sizes  is  introduced  are  made,  and  in  all 
tables  of  strength  based  upon  the  strength  of  such  bars. 

Second,  that  where  the  increased  value  of  the  bars  will  justify  the 
increased  expense  of  their  production,  those  of  2"  diameter  can  be  in- 
creased in  strength  over  15,000  pounds,  and  it  is  not  improbable  that 
bars  of  4"  diameter  can  have  the  strength  increased  over  60,000  pounds, 
as  opposed  to  direct  tension,  with  no  loss  in  their  power  to  resist  sudden 
strain^ 
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TESTS    OP   METALS 


The  Bab— Pabt  II. 

TABULATED  RECORDS  IN  DETAIL  OF  THE  RESULTS  OBTAINED  FROM 
TENSION  TESTS  UPON  OVER  TWO  THOUSAND  TEST-PIECES  OF  DIF- 
FERENT WROUGHT  IRONS. 

GIVING  THE  APPROXIMATE  ELASTIC  LIMIT,  THE  ULTIMATE  STRENGTH  AS  OBSERVED 
AND  REDUCED  TO  VARIOUS  AREA8,  THE  ELONGATION  AND  REDUCTION  OF  AREA. 

THE  TESTS  HAVING  BEEN  MADE  IN  INVESTIGATIONS  OF  THE  CHARACTER  OF  THE  IRON — 
COMPARISON  OF  STRENGTH  OF  ROUGH  AND  TURNED  BARS— EFFECT  OF  VARIATIONS 
.IN  REDUCTION  FROM  PILE  TO  BARS,  AND  OF  UNIFORMITY— ELEVATION  OF  THE 
LIMIT  OF  STRESS,   AND  OF  VARIATIONS  IN  RAPIDITY  OF  APPLICATION  OF  STRESS. 

Tension-tests  upon  round  bars  of  rolled  iron. 

Invettigation— Survey  of  contract  chain-iron  on  hand  at  nary. yard,  Washington.    Testyicces— Turned 

cylinders.    Testing-machitM—B. 

Iron— CONTRACT  CHAIN-IRON. 


Bar. 


Dimensions  of  test-pieces. 


Stress  in  pounds  at— 


IJ 


Diameter.  '    Length.     At  fracture. 


t 

-j 

1 

1» 

£ 

•*» 

o 

<4 

II 

a 

3.50 

4.37 

3.60 

4.48 

3.50 

4.40 

8.50 

+.02 

3.50 

3.91 

3.50 

4.06 

3.90 

4.94 

8.90 

4.77 

3.90 

4.92 

3.92 

4.90 

8.92 

5.06  | 

3.88 

4.74  ' 

& 


% 


* 


1 


Remarks. 


29 


.874  |  .787 

.875 

.875     .701 


.872 
.875 
.875 

.976 
.976 
.970 

.976 
.970 
.976 


ltf   .97< 
•  »         am 


.976 
.976 
.976 

.976 
.964 
.964 

.976 
.976 
.976 

.565 
.564 
.565 

.664 
.664 
.564 

.565 
.565 
.565 

.565 
.565 
.564 

.565 
.565 
.565 


.792 


69.2 
62.0 
04.2 

82.6 


24. 9  31, 172 
2a  0  31, 598 
25.7  |  31,598 


.740 
.794 


.768 


71.5 

66.2 
71.4 
61.9 


.753 
.804 


.772 
*772 

3.90 
3.90 
3.90 

4.92 
4.55 
4.93 

V754 
.764 

3.92 
3.92 
8.92 

3.87 
3.90 
8.90 

4.75 
6.02 
5.02 

.750 
.794 

5.10 
5.03 

.805 
.735 
.740 

8.92 
3.92 
a  92 

5.00 
5.03 
5.14 

.455 
.478 
.428 

2.27 
2.26 
2.26 

2.89 
2.80 
2.85 

.416 
.440 
.436 

2.28 
2.23 
2.28 

2.92 
2.91 
8.00 

.476 
.463 
.600 

2.27 
2.26 

2.27 

2.80 
2.80 
2.78 

.450 

2.23 
2.23 
2.23 

2.75 
2.60 
2.60 

.465 
.450 
.455 

2.27 
2.27 
2.27 

2.80 
2.80 
2.78 

59.5 
67.9 


62.2 
55."o 


59.7 
6L2 


18.3 
11.7 
16.0 

26.7 
22.3 
23.6 

25.0 
29.1 
22.2 

36.0 
16.7 
26.4 

21.2 
28.0 
28.0 


60.5 
6&  8 

68.0 
56.7 
57.5 

64.8 
7L6 
57.4 

54.4 

60.9 
59.8 

70.7 
67.1 
78.8 

63.4 


67.7 
68.4 
64.8 


29.0 
80.8 

27.6 
28.3 
3L1 

27.3 
23.8 

sae 

80.9 
80.9 
82.0 

23.3 
27.9 
22.5 

26.6 
16.6 
16.6 

23.3 
23.3 
26.8 


33,908 
34,259 
34,092 

27,466 
35,204 
32,578 

28,888 
34,521 
32,181 

31,977 
37, 423 
29,404 

33,519 
82,649 
34,621 

28,067 
30,141 
33,646 

23,559 
27,402 
26,467 

85,500 
83,623 
33.008 

26,821 
87,270 
34,827 

83.075 
88,093 
35,400 

29,916 
41,484 
88,431 

30,115 
40, 128 
37,295 


30,550 
30,950 
30,450 

28,750 
30, 525 
30,750 

35,950 
39,160 
88,875 

34,700 
40,225 
38,650 

40,250 
40, 875 
37,150 

38,000 
38,000 
39,425 

87,050 
36,550 
86,425 

85,600 
38,850 
88,525 

13,350 
14,025 
13,090 

11,755 
18,220 
13,125 

12,550 
14,650 
13,975 

11,825 
13,525 
12,250 

12,300 
14,000 
13,370 


60,925 
51, 471 
50,640 

48, 141 
50,527 
51,139 

48,048 
52,339 
51,958 

46,878 
53,762 
51,657 

53,796 
54,631 
49,652 

50,788 
50,788 
52,693 

49,619 
50,075 
50,958 

47,580 
61, 9?4 
51,490 

53,250 
56,145 
52,213 

47, 138 
52,922 
62,542 

60,059 
58,436 
65,743 

47,168 
53,949 
49,039 

49,062 
55,643 
53,830 


67.1 
61.4 
62.4 

70.4 
67.4 
67.0 

57.2 
67.2 
62.7 

61.1 
64.2 
62.3 

59.4 
68.5 
59.2 

66.0 
64.3 
65.7 

56.7 
60.2 
66.3 

49.5 
52.8 
51.4 

66.7 
59.9 
63.2 

57.0 
70.4 
65.3 

66. 

65.2 

63.5 

63.3 
76.9 
78.4 

61.4 
71.8 
69.9 


I 

Coarse,  granular. 
Improved. 
Granular  and  fiber. 

Gran.  Avery  coarse. 
Much  improved. 
Granular  and  fiber. 

Granular  and  fiber. 
Improved. 


C  Coarse,  granular. 
R|  No  improvement. 
Mi  Granular  and  fiber. 

C  Coarse,  granular. 
R  No  imp.  by  work. 
M        Do. 


Coarse,  granular. 
Improved. 

Coarse,  granular. 
Improved. 
Do. 

Fine,  granular. 
Improved. 
Much  improved. 

Fibrous. 
Improved. 


Dark,  coal-like. 
Improved. 
Do. 

Dark,  dull  fiber. 
Fiber  and  granular. 
Do. 

Fine  gran,  and  fiber. 
No  improvement. 
Improved. 

Fine  gran,  and  fiber. 
Improved. 


TESTS   OF  METALS. 
Tension-testa  upon  round  bora  of  rolled  iron— Continued. 
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Bar. 

Dimensions  of  test-pieces. 

Stress  in  pounds  at— 

1 
1 
I 
S 

9 

£ 

% 

u 

Diameter. 

Length. 

At  fracture. 

s 

1 

| 

li 

I* 

J-9 

s 

o 

s 

7 

h 

"3 

& 

i 

u 

& 

A 
6 

s 

1 

li 

Jo 

§ 

a. 
a. 

1 

■a 
5 

i 

i 

1 

< 

i 
i 

l 

1 

n 

Remarks. 

« 

» 

ii 

a 

ii 

40 
41 
42 

ii 

.565 
.565 
.565 

.461 
.463 
.480 

2.26 
2.26 
2.26 

2,05 
2.78 
2.82 

66.6 
67.1 
72.2 

30.5 
23.0 
24,8 

30,514 
89,090 
39,609 

12,820 
14,200 
14,025 

51, 136 
56.641 
55,943 

59.6 

69. 

70.8 

C 
R 
M 

Dark,  fibrous. 
Fiber  and  granular. 
Do. 

43 
44 

45 

.564 
.564 
.564 

.460 
.468 
.450 

2.27 
2.27 
2.27 

2.77 
2.76 
2.85 

66.5 
68.8 
63.6 

22. 

21.6 

25.5 

34,928 
89,832 
38,130 

13,100 
14,375 
13,850 

52,442 
57,546 
54,863 

66.8 
69.2 
70.1 

C 
R 
M 

Brt.,  fiber. 
Do. 
Do. 

46  .1} 

47  1    " 

48,   « 

.565 
.565 
.565 

.410 

2.26 
2.26 
2.26 

2.97 
2.75 
2.70 

52.6 

81.4 

2L7 
19.5 

80,514 
39,888 
37,216 

13,050 
14,025 
13,125 

52,054 
55,943 
52,353 

58.6 
71.3 
71. 

C 
R 
M 

Steely,  fiber. 
No  improvement. 
Do. 

49  llA  .564 
50,    ™i.564 
M  '    "     .564 

.488 
.491 
.440 

2.26 
2.20 
2.26 

2.72 
2.55 
2.80 

74.0 
75.8 
60.0 

20.4 
12.8 
23.8 

25,551 
47,896 
32,064 

14, 125 
17,450 
14,225 

56,545 
69,856 
56,945 

45.2 
6ft.  5 
50.3 

C 
R 
M 

Brt.,  steely. 

No  improvement. 

Much  improved. 

52  '  1A  .564  !  .416 

53  "  i  .504     .401 

54  »  j  .5C4  1  .448 

2.26 
2.26 
2.26 

3.03 
2.85 
2.80 

54.4 
64.0 
63.0 

34.1 
26.1 
23.8 

35,038 
36,860 
30,070 

13, 750 
13,650 
14,485 

55,044 
54,644 
57,968 

63.6 
67.4 
68.7 

C 
R 
M 

Fine,  steel-like. 
No  improvement. 

Investigation*— -Comparison  of  strength  of  rough  and  turned  bars  and  of  variation  in  rapidity  of  ap- 
plication of  stress.    zWt-piecef— Turned  cylinders.    Testing^machine—B. 

Iron— COHTRACT  CHADMBOir.        c, 


Bar. 


55 
56 
57 
Av. 

58 
59 
69 
61 
At. 

52 

63 

M 

65 


2* 


Dimension  of  test-pieces. 


Diameter. 


.517 
.518 
.517 


.402 
.402 
.402 
.402 


.875 
.875 


.782 


.419 
.418 
.433 


.329 
.316 
.349 
.324 


.740 


.738 


Length. 


1.98 
L98 
1.98 


L57 
1.56 
1.60 
1.58 


3.50 
3.50 
3.87 
3.87 


2.88 
2.35 
2.41 


4.08 
3.91 
4.15 
4.72 


At  fracture. 


66.0 
65.1 
70.0 
67.0 

67.0 
61.6 
75.0 
65.0 
07.1 

7L6 


87.8 
73.0 


20.7 
18.9 
22.5 
20.7 

16.5 
10.9 
15.8 
26.8 
17.5 

16.0 

11.7 

7.2 

22.0 


Stress  in  pounds  t 


34.259 
34,092 
82,009 
83,989 


30,750 
30,525 
20,650 
24,250 


\ 


P 


58,837 
61,700 
60,863 
60,466 

59,300 
68, 700 
60,500 
60,285 
59,690 

51, 139 

50,751 

42,237 

50,490 


Remarks. 


Rough. 
Do! 


Turned. 
Do. 
Do. 
Do. 


28  minutes  under 

strain. 
30  minutes  under 

strain. 
5  minutes  under 

strain. 
7  minutes  under 

strain. 


The  2ft"  bar  of  contract  chain-iron  was  probably  of  as  brittle  and  coarse  a  quality  as  is  ever  found  in 
rolled  iron.    By  thorough  reworking  it  was  greatly  improved. 

No  result  or  any  raluo  is  determined  by  the  above  test,  during  which  the  rate  of  speed  by  which 
rapture  was  produced  was  greatly  varied. 
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TESTS   OF  METALS. 


Tension  testa  upon  round  bora  of  hammered  iron. 

Invettigalum— Production  of  valuable  chain-iron  from  combination  of  assorted  scrap-iron.    TBtt-pieoe*— 
Bars  swaged  by  hand.    Tetting-machint—A. 

Iron— Hammered. 

(Blooms  from  which  iron  A,  experimental  cable  iron,  was  rolled.) 


Bar. 

Dimensions  of  test-pieces. 

Stress  in  pounds. 

Diameter. 

Length. 

At  fracture. 

4 

a 

I 

I 

I 

Tensile  limit. 

** 

1 

a 

1 

s 

© 

r 

< 

•i 
* 

3 

6 

«M 

3 

i 

i 

i 

t 

i 

i 

i 

I1 

u 
o 

1 
1 

n 

// 

ii 

a 

II 

00 

2 

2.02 

1.55 

6.00 

7.72 

68.9 

29.0 

84,199 

167,230 

51,960 

88,622 

65.4 

67 

*' 

2.06 

1.69 

9.00 

11.18 

67.3 

24.0 

26,403 

173, 180 

52, 500 

77, 209 

51.3 

68 

i< 

1.95 

1.62 

6.  CO 

7.50 

69.1 

25.0 

22, 050 

155, 712 

52, 138 

75, 550 

42.3 

69 

t« 

L95 

1.60 

10.00 

12.54 

65.5 

25.0 

29,000 

161, 760 

54,000 

77,003 

54.0 

70 

i> 

1.99 

1.59 

18.25 

15.95 

63.9 

20.0 

27,781 

167, 040 

53,710 

84,108 

5L7 

71 

ti 

2.02 

1.64 

10.00 

11.98 

66.0 

20.0 

80,600 

172, 032 

53,070 

81,454 

57.0 

72 

it 

2.03 

1.75 

8.50 

10.15 

74.8 

19.4 

34,939 

172,500 

53,290 

71,725 

65.6 

73 

44 

2.03 

1.65 

a  50 

10.35 

66.0 

22.0 

35,217 

176,500 

54,525 

82,577 

64.6 

74 

it 

2.02 

1.64 

8.50 

10.40 

66.0 

22.3 

35,295 

172, 000 

53,664 

81,430 

€5.6 

75 

i< 

2.02 

1.74 

8.50 

10.15 

74.0 

19.4 

85,444 

174,000 

54,290 

73,129 

65.3 

At. 

67.1 

22.6 

81.087 

169,195 

132, 480 

53,374 

49,823 

79,282 

87,830 

58.3 

76 

11 

L84 

1.89 

12.30 

#5.05 
^5.86 

57.1 

22.0 

81,049 

62. 1 

77 

1.83 

1.45 

13.00 

02.8 

22.0 

80, 110 

140, 180 

53,292 

84,896 

56. 5 

Av. 

60.0 

22.0 

80,580 
29,233 

136,320 

111,360 

51,558 
54,695 

83,113 

86,526 

50.4 

78 

11 

L61 

1.28 

7.37 

8.98 

63.2 

22.0 

53.4 

79 

1.60 

1.21 

9. 05 

11.19 

57.2 

16.0 

28,165 

111,  860 

55,375 

00.835 

50.9 

80 

44 

1.61 

1.82 

7.40 

a  86 

67.2 

20.0 

27,853 

112,800 

55,402 

82, 450 

49.8 

81 

44 

1.60 

1.25 

7.33 

8.72 

61.1 

19.0 

29, 139 

114, 240 

56,807 

93,105 

61.3 

82 

it 

1.62 

1.28 

9.44 

11.75 

02.5 

24.0 

83,071 

108, 480 

52,634 

84,289 

62.8 

83 

44 

1.60 

1.23 

9.44 

11.10 

69.1 

iao 

84,848 

111.  300 

55,875 

93,686 

63.0 

84 

44 

1.03 

1.23 

20.00 

24.90 

57.0 

21.0 

28,850 

116,000 

56,000 

97,643 

52.0 

85 

i« 

1.63 

L25 

20.00 

23.80 

56.8 

19.0 

29,500 

119, 000 

57,000 

96,984 

51.8 

86 

44 

1.61 

1.17 

9.00 

10.90 

53.0 

21.0 

20,000 

104, 852 

61,200 

07,069 

56.1 

At. 

59.8 

20.0 

80,078 

28,000 

112,090 

92,040 

54,043 

48,100 

02,060 

54.6 

87 

u 

L50 

L16 

10.00 

12.43 

69.0 

24.0 

87,644 

53.9 

88 

" 

L23 

0.97 

5.00 

5.93 

62.8 

19.0 

25,000 

57,280 

48,100 

75,510 

51.9 

89 

u 

1.14 

0.80 

4.00 

5.17 

49.8 

29.0 

24,480 

56,100 

54,960 

111,597 

44.5 

90 

11 

1.12 

0.82 

4.00 

4.97 

53.7 

24.0 

24,900 

55, 542 

56,887 

105,773 

44.2 

Av. 

01.5 

26.5 

24,690 

55,821 

55,678 

108,185 

92,914 

48.6 

91 

L8i" 

"1*88 

"io^oo" 

"ii"ii" 

6&2 

25.0 

83,000 

139,000 

52,420 

61.2 

92 

1.51 

1.08 

7.38 

9.18 

51.2 

24.0 

28,424 

91,680 

51,217 

100,077 

55.5 

98 

1.51 

1.15 

7.40 

9.13 

58.0 

23.0 

32,764 

92,960 

54,167 

93,320 

60.4 

94 

1.02 

.80 

4.00 

4.72 

6L6 

18.0 

35,000 

45,600 

55,800 

90,710 

63.2 

A-v. 

57.2 

22.5 

32,207 

53,401 

04,255 

60.6 

This  iron  was  manufactured  from  selected  contract  chain-iron  mixed  with  old  boiler-iron.  Test- 
pieces  were  swaged  from  the  blooms  and  tested  by  tension  and  impact  cell  of  the  blooms,  which  passed 
satisfactory  tests,  was  rolled  into  iron  A  or  experimental  cable-iron. 


JLvsvvol^rsw  q^V^v 


TEST8   OF  METALS. 
nmd  tare  of  hammered  iron — Continued. 


of  the  core  of  the  swaged  bars  Kos.  66  to  76.    JwtffWM   Turned 
iroa— Hammsrkd  (blooms  from  which  iron  A  wis  rolled). 
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ejtates. 


Dimensions  of  test-pieces. 

Stress  in  pounds  si— 

i 

IWfa, 

Length. 

At  fracture. 

S 

1 

SU 
1 

Tensile  limit. 

1 

i 

1 

3 

| 

1 

3 

) 

it 

i. 

Pi 

il 

3 

.i 

* 

n 

n 

» 

85 

.966 

.786 

4.06 

5.82 

54.3 

31.0 

26,027 

88,400 

48,602 

60,502 

58.8 

96 

.963 

.785 

8.96 

5.20 

58.4 

83.8 

25,617 

86,700 

47,488 

68,905 

74.1 

m 

.667 

.766 

8.68 

5.02 

66.8 

27.8 

84,374 

39,800 

61,865 

86,640 

66.2 

« 

.674 

.775 

8.86 

4.65 

68.8 

27.2 

82,210 

36,050 

60,066 

80,665 

63.9 

69 

.674 

.775 

8.86 

4.08 

63.8 

28.0 

30,197 

88,600 

51,805 

81,831 

58.0 

100 

.566 

.447 

2.86 

2.70 

62.6 

23.5 

88,805 

12,660 

50,618 

80,879 

67.8 

in 

.566 

.566 

2.86 

151 

*79>9 

♦11.0 

36,886 

13,120 

52,888 

*65,502 

70.0 

m 

.666 

.458 

2.28 

2.88 

64.8 

26.8 

84,628 

12,950 

51,655 

80,886 

66.1 

m 

.666 

2.28 

33,306 
34,042 

12,325 

49,162 

104 

.666 

.426 

2.28 

2.07 

57.5 

80.0 

18,000 

51,854 

86,965 

67.4 

106 

.666 

.486 

2.26 

2.97 

57.9 

80.0 

35,600 

13,126 

52,853 

90,392 

68.0 

108 

.666 

.458 

2.26 

2.00 

68.8 

26.6 

30,546 

12,000 

51,271 

80,878 

77.1 

107 

.867 

.446 

2.26 

2.01 

60.2 

27.0 

80,306 

18,125 

51.060 

86,348 

75.6 

M6 

.667 

.486 

2.22 

2.82 

66.2 

27.0 

81,688 

12,500 

46,506 

88,090 

64.0 

109 

.667 

.406 

2.80 

8.02 

5L8 

23.8 

32,871 

12,725 

50,806 

67,360 

65.2 

110 

.667 

.447 

2.25 

2.87 

62.1 

27.8 

86,831 

18,000 

51,485 

82,555 

7L5 

111 

.661 

.466 

2.86 

2.72 

60.6 

30.0 

38,281 

12,460 

50,181 

72,048 

76.8 

At. 

56.6 

67.1 

U,048 

50,766 

86,6*0) 

67.7 

r  are  iiotooiuUtared  in  average*. 


Tension  testa  upon  round  hare  of  rolled  iron. 

teste  of  experiments!  osble  iron.     Ttetfiecte   Bra  as  rolled  and  cylinders. 
Ttstimg-machinee— A  andB. 


Ikon  A. 


Dimensions  of  teet-pieoes. 


Diameter. 


Length. 


At  fracture. 


Stress  in  potmds  at— 


TensOe  limit. 


112 
U3 
U4 
115 

ue 

nig 
m 

120 
It.. 


100 
100 
100 
100 
100 
100 
100 
100 
100 


1.48 
1.66 
1.65 
L40 
1.61 
L83 
LOO 
L48 
1.54 


7.00 

a  oo 

8.00 
9.00 
1L00 
1L00 
1L00 
11.00 
1L00 


161 
6.06 
171 
11.50 
13.68 
1170 
11.82 
13.67 
1162 


55.0 
60.0 
68.0 
56.0 
57.0 
84.0 
*90.0 
55.0 
510 
59.6 


210 
21.0 
2L0 
210 
24.0 
»15.0 
►010 
24.0 
24.0 
28.6 


81,786 
27,507 
27,627 
28,118 
28,720 
27,507 
30,869 
20,353 


28,864 


172,800 
155,990 
160,800 
155,040 
159, 552 
153,120 
144,480 
162,720 
153,792 
160,060 


55,014 
40,662 
51, 103 
49,860 
50,796 
41748 
46,008 
51, 806 
48,062 
50,700 


100,466 
72,084 
76,210 
88,890 
89.134 
*58,220 
♦60,963 
04,604 
82,560 
86,185 


67.7 
55.4 

54.0 
57.0 
516 
56.4 
67.1 
56.7 
60.0 
57.8 


4  T  M 
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TESTS   OF  METALS. 


Toulon  tote  upon  round  ban  of  rolled  <ro*— Continued. 
Iron  A— Continued. 


s 
t 


Dimension*  of  test-pieces. 


Diameter. 


Length  T 


At  fracture. 


Pi 


Stress  in  pounds  at— 


Tensile  limit. 


I 

i 

i 


121 
122 
128 
124 
125 
126 
127 
128 
120 
180 
181 
182 
188 
184 
185 
186 
187 
188 
At... 


.878 

.078 

.008 

-.007 

.000 

L000 

LOOO 

L000 

LOOO 

L000 

LOOO 

LOOO 

LOOO 

LOOO 

LOOO 

.076 

.075 

.075 


.706 
.708 
.781 
.877 
.756 
.740 
.740 
.758 
.770 
.718 
.770 
.606 
.780 
.700 
.715 
.728 
.788 
.704 
.750 


a  oi 

8.81 
4.00 
4.00 
4.00 
4.00 
4.00 
4.01 
4.02 
8.00 
8.00 
8.00 
8.00 
8.00 
8.80 
8.00 
3.90 
8.00 
8.07 


4.07 
5.21 
5.08 
4.72 
5.81 
5.18 
5.28 
5.16 
4.08 
6.10 
5.28 
5.21 
5.16 
5.86 
5.34 
4.06 
4.60 
5.82 
5.12 


66.8 
52.5 
6L8 
77.4 
57.8 
54.7 
56.0 
57.8 
60.7 
5L6 
50.8 
48.6 
60.0 
50.3 
5L2 
55.8 
67.8 
52.2 
57.2 


27.1 
88.0 
26.0 
1&0 
32.8 
29.5 
80.7 
28.6 
23.0 
80.0 
3L1 
3L0 
20.1 
34.4 
33.8 
27.2 
17.8 
36.4 
20.0 


28,620 

88,600 

27,054 

36,500 

31,058 

40,600 

83,177 

39,200 

32,597 

40,150 

30,812 

89,320 

o«  wsg 

88,820 

^738 

89,220 

>57 

89,190 

-J.  rJ03 

88,250 

10,  i)48 

89,125 

Nk  139 

•  89,420 

:-:jJ®l 

88,850 

1-|.^64 

86,510 

tT»,  -J60 

86,700 

:       52 

38,380 

84  U8 

84,180 

tfl,  U>4 

86,800 

2V7J47 

88,489 

51,502 
48,587 
61,901 
50, 217 
51,226 
50,064 
49,424 
49,436 
49,898 
48,701 
49,816 
50,191 
49,465 
46,486 
46,726 
51, 405 
45,779 
49,289 
49,480 


77,747 
92,712 
84,749 
64,893 
89,445 
91,424 
88,105 
86,912 
82,226 
94,470 
84,021 
103,611 
81,305 
92,477 
91,404 
92,206 
80,187 
94,541 
87,855 


55.5 
57.5 
6L4 
66.6 
68.6 
6L1 
64.0 
58.6 
6L2 
60.6 
60.8 
68.8 
64.1 
64.7 
64.5 
65.8 
55.6 
58.2 
59.0 


100 
101 
106 
107 
108 
100 

uo 
111 

108 
108 
104 
106 
00 
00 
07 
08 


The  above  teste  give  but  the  minimum  value  of  the  experimental  cable  iron,  inasmuch  as  our  process 
of  manufacture  was  so  slou,  and  facilities  so  limited,  that  we  could  afford  to  test  only  such  Mrs  as 
through  delect  of  fire-crack,  &a,  were  considered  unsuitable  for  the  cable. 

Tests  Nos.  112  to  120  were  upon  entire  bars,  by  machine  A ;  the  remainder  upon  cylinders  turned  from 
the  bars  which  were  rolled  from  the  blooms,  the  tension  tests  of  which  are  numbered  95  to  111. 

Figures  marked  *  are  not  considered  in  averages. 


r«e#ftya*ion— Production  of  valuable  chain-iron  from  combination  of  assorted  scrap-iron,  and  efifoot  of 
reduction  by  the  rolls  to  various  diameters.    T$st-pi£ce§— Bars  as  rolled.    T$sttog-machin4—A . 

Iron  A  (experimental  gable). 


Dimensions  of  test-pieces. 


Diameter.         Length.       At  fracture. 


It 


Stress  in  pounds  at— 


Tensile  limit. 


189 

140 
141 
Av. 

142 
148 
144 
Av. 


L02 
L02 
LOO 


.70 
.69 
.69 


6.0 
6.0 

5.5 


7.25 
7.50 
6.71 


9 


L13 
L18 
L13 


.77 
.78 
.76 


7.0 
7.0 
5.5 


8.49 
8.71 
6.95 


47.0 
46.0 
46.0 
46.0 

46.4 
47.6 
45.2 
46.4 


2L0 
25.0 
22.0 
22.7 

2L0 
24.4 
25.0 
23.5 


35,124 
84,071 
85,448 

34.881 

25,789 
26,249 
28,324 
26,787 


45,120 
45,500 
41,760 
44,126 

54,144 
53,952 
53,896 
53,997 


55,218 
55,683 
53,170 
54,690 

54,050 
53,860 
53,790 
53,900 


127,255 
121,700 
111,687 
120,214 

116,288 
112,917 
116,611 
115,272 


63.6 
6L2 
66.0 
08.8 

49.5 
50.6 
68.7 
51.2 


TESTS   OF  METALS. 
Tmdtm  tmt$  upon  round  ban  of  rolled  inw— Continued. 
Iron  A  (kcpkbdckntal  cable)— Continued. 
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of  test-pieces. 


Length. 


A.t  fracture. 


Btress  Jn  pound*  at— 


limit. 


H 


US 

146 
147 
At. 

148  | 

148, 
150  ! 

At.! 

1511 
152  ! 
At. 

154 
155 
At. 

156 
157 
At. 


L25 
LM 
LIS 


7.0 
7.0 
6.5 


a  76 

a  78 

7.10 


» 


Lf7 
Lf7 
LIT 


7.0 
7.0 
7.0 


a  70 
a  74 
a  78 


150 
At 


160 
161 
At. 


LOO 
LOO 


L02 
L02 


7.0 
7.0 


a  71 
a  85 


L24 

Lie 


1L0 

ao 


lau 

10.75 


L74 
L70 


L96 
Li6 


1L0 

ao 


1&28 

lLia 


L88 
L88 


L86 
L87 


12.0 
12.0 


14.51 
14.80 


2.01 
a  01 


L50 
L46 


12.0 
12.0 


14.87 
14.80 


162  j     2| 


a  12 


L02 


12.0 


14.06 


4as 
4as 

44.4 
48.1 

40.0 

4ao 

46L0 
47.7 

46.8 
40.8 
404 

oao 

50.5 

64.7 

015 
60l5 
014 

62.0 
S&0 
•24 

56.0 

sao 

64.5 

oao 


25.0 
24.7 
20.0 
20.2 

24.8 
20.0 
25.4 
24.9 

24.4 

2a4 

25.4 
10.0 

iao 

10.0 
20.7 

2ao 

22.1 

2L0 

2ao 

22.2 

M.7 
2a5 
21.5 

17.0 


25,086 
20,118 
31,296 
27,408 

83,215 
83,867 
83,800 
33,650 

28,794 
28,800 
28,707 

82,605 
81,722 
82,108 

20,718 
20,210 
20,464 

20,741 
27,765 
26,718 

80,700 
80,225 
80,487 

80,459 


05,850 

06,816 
65,664 
66413 

78,482 
78*624 
79,776 
78,944 

90,624 
92,786 
91,680 

111,744 
112,224 
111,984 

128,744 
128,986 
128440 

142,080 
140,160 
141,120 

168,200 
161,280 
102,240 

170,784 


58,670 
54,451 
53,515 
M479 

53,210 
53,840 
54,122 
58457 

51,286 
52,482 
51,884 

64,218 
64,451 


fiS:SS 

51,509 

51,200 
50,508 
50354 

51,402 
50,828 
51,116 

48,882 


110,775 
109,856 
113,088 
111,227 

106,861 
110,925 
117,438 
112,241 

110,909 
118,494 
112401 

02,503 
106,172 
994*8 

99,288 
100,007 
99,620 

99,287 
95.088 
07487 

92,859 
96,844 


82,864 


46.6 

4a7 

5&6 
614 

62.4 
6a5 
62.5 
62.8 

56.1 
54.8 
55.4 

60.2 
58.2 
69.1 

57.0 
57.3 
67.2 

sao 

54.0 
66.0 

60.7 
50.5 
59.6 

63.0 


The  tests  Hon.  189  to  162,  inclusive,  were  made  upon  bars  of  the  experimental  cable  Iron  manufactured 
on  the  27th  of  February,  1875,  which  tor  experimental  purposes  were  rolled  to  the  sizes  Indicated.  The 
tests  of  chain  links  made  from  these  bars  are  given  on  page  177,  and  on  Plates  VII  and  VIII  is  shown 
the  action  of  the  iron  when  submitted  to  tests  for  ductility :  the  1"  having  been  tied  into  an  overhand 
knot  the  U"  cut  into  a  screw  and  bent  double  cold  by  impact,  and  the  Scinch  bar  having  been  bent 
doable  cola  in  two  directions,  for  strength  and  uniiormity  as  chain  cable,  the  bars  ranted  No.  2  in 
eampetttr?e  test  with  16  irons;  m  resistance  to  shock,  No.  1  (see  page  225). 
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TESTS   OF   METALS. 


Tension  teste  ttpon  round  ban  of  rolled  <ro*— Continued. 

InvetHgation—Chmcter  of  iron  as  adapted  for  chain  cable*.    Competitive  teat  of  irons  B,  C,  E,  H.  I.  J, 
L,  and  M,  May,  1874.    TBrt-pieoe*   bare  as  rolled  and  grooved  cylinders.    TetUng-machinte—A  and  3s. 

IronB. 


Dimensions  of  test-pieees. 


Diameter. 


Length. 


At  fracture. 


Stress  in  pounds  i 


I 


Tensile  limit. 


ii 


\i 


I 


i 


163 

184 
to 
106 

167 

168 
to 

170 

171 

173 
to 
174 


1* 


I- 

1ft* 
1*1 

I- 


1ft 

ft  sq.  inch 

lift 

|  sq.  inch. 

i« 

|  sq.  inch. 


1ft 


27.0 


8L8 


6L8 


15.9 


88,090 


37.0 


8L0 


64.9 


15.0 


121,160 


1ft 


27.0 


8L6 


63.0 


16.6 


148;  660 


64,802 
84,778 
64,181 
68,188 
66,384 
63,317 


89,627 


98,788 


87,8 


Iron  C. 


175 
176 
177 
178 
179 
180 


1ft 

1ft 

1ft 

Ifft 
If 

lit 


1ft 
1ft 

1ft 
1ft 
1ft 
1ft 


27.0 
27.0 
27.0 
27.0 
27.0 
27.0 


81ft 
80ft 

81* 
81ft 
8L0 
80| 


64.6 
63.7 
53.4 

67.5 
60.5 
57.5 


16.2 
18.0 
15.7 
15.7 
15.0 
18L9 


82,655 
85,880 
81,099 
80,862 
88,184 
80,814 


84,000 
98,100 
101,700 
121,000 
111,400 
181,500 


51,756 
53,700 
49,030 
50,813 
49,821 
50,969 


94,806 
84,101 
91,870 
74,558 
84,553 
88,553 


68.1 
68.6 
68.4 

6L8 
66.6 
60.2 


Iron  £. 


181 

182 
to 
184 

185 

186 
to 
188 

169 

190 
to 
192 

193 

194 
to 
196 

197 

198 
to 

200 

201 

202 
to 
204 


1ft 

!•■ 

1ft 

}- 

1ft 


1*1 

I- 

U 

I- 

lift 


1ft 

ft  sq.  inch 

1ft 

i  sq.  inch 

1» 

i  sq.  inch 

lift 

ft  sq.  inch 

If 


lift 

ft  sq.  inch 


1ft 


1ft 


U 


1ft 


27.0 


37.0 


27.0 


27.0 


27.0 


27.0 


80.8 


80.6 


80ft 


80.0 


81ft 


81.0 


48.0 


56.8 


58.4 


60.5 


51.0 


52.4 


13.9 


14.4 


13.0 


1L1 


15.7 


14.8 


82,542 


88,027 


88,745 


88,549 


81214 


29,767 


87,552 


96,884 


109,348 


116,541 


119,808 


129,792 


53,994 
51,986 
54,544 

51,200 
52,675. 
52,800 
52,120 
53,000 
49,816 
50,320 
50,807 
49,950 


60.3 


60.6 


64.6 


63.7 


62.7 


89.2 


TESTS   OF  METALS. 
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Tendon  imt$  «po»  round  ban  of  rotted  torn— Continued, 

meter  as  adapted  for  ohain  cables.    Competitive  teat  on  eight  bone,    ftatyfcoat— 
Ban  aa  rolled  and  grooved  cylinders.    Tutmg-maelnm$§    A  and  B. 

Ibow  G. 


Dimensions  of  test-pieces. 


Diameter. 


Length. 


At  fracture. 


1 


Stress  in  pounds  at— 


IJ 


Tensile  limit. 


A4 


*J 


S 

1 


205 

206 
to 
208 

209 

210 
to 
212 

218 

214 
to 
216 

217 

218 
to 
220 

221 

222 

TO 

224 


1* 


1*8 


u 


1« 

U 

i 


ift 

*»q.lnoh. 

li 

i  aq.  ineh. 

U 

i  aq.  inch. 

1H 

iaq.moh. 

1* 

A  aq.  inch. 

1» 

t  sq.inoh. 


87.0 


81| 


6L8 


16.8 


82,584 


88,400 


If 


87.0 


56.8 


14.8 


85,425 


91,800 


97.0 


SO* 


7L6 


1L6 


83,818 


108,200 


1ft 


87.0 


80| 


00.5 


18.0 


84,160 


115,800 


97.0 


80| 


78.5 


12.0 


86,254 


121,200 


1ft 


97.0 


80» 


62.0 


18.0 


88,565 


128,800 


68,238 
52,067 
61,958 
65,167 
51,205 
64,960 
51,789 
61,267 
60,895 
61,267 
60,810 
60,860 


86,921 


61.1 


92,854 


71,624 


85,593 


68,587 


79,980 


68.1 


65.6 


66.0 


72.0 


Iron  H. 


2719 

1* 

}• 

If 

i- 

u 

!- 

lt 

1ft 

27.0 

89| 

62.7 

9.8 

29,992 

92,700 

62,463 
68,800 
62,814 
62,167 
68,800 
61,217 

88,708 

67.1 

230 
to 

i  aq.  ineh. 
If 

S32 
283 

U 

87.0 

81* 

69.2 

16.7 

29,864 

108,600 

88,419 

66.1 

284 
to 

t  aq.  inch. 
1| 

236 
287 

ift 

87.0 

80 

79.7 

1L1 

27,866 

129,400 

67,486 

6L7 

238 
to 

taq.inoh. 

240 

IBOK  L 


241 

3 

87.0 
87.0 

87| 

78,800 

44,600 

243 

' 

248 

244 

to 

68,666 

52,575 
60,687 

247 
248 
to 

I 

251 

to 

255 

i 

241  broke  at  weld  at  very  alight  stress,  iron  very  red-short  and  worthless;  242  and  848  broke  while 
welding  on  loops,  and  were  not  tested. 
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TESTS   OF  METALS. 

Tension  teste  upon  round  bars  of  rolled  iron— Continued. 
Iron  J. 


Dimensions  of  teet-pieoea. 


Diameter. 


Length. 


At  fracture. 


1 


Stress  in  pounds  i 


i 
-1 

11 


Tensile  limit. 


i 


5* 

0°  4 


S*4 

9i 


S 

•84 


256 

367 
to 
250 

200 

261 
to 
268 

264 

265 
to 
267 


260 
to 
271 

272 

278 
to 
276 

277 

278 
to 
281 


1* 

1- 

1* 
If 

■}... 
;}■ 

If 

}■ 

Hi 

}■ 


1ft 

i  sq.  inoh. 

1* 

|  sq.  inoh. 
1| 


27.0 


m 


75.6 


12.0 


81,800 


27.0 


80| 


66.3 


140 


90,200 


H 


97.0 


20| 


7L6 


0.8 


100,400 


Itt 

4  sq.  Inoh. 

II 

i  sq.  inoh 

1H 

4  sq.  inoh 


II 


27.0 


8L0 


66.4 


14.8 


121,000 


1ft 


27.0 


80| 


70l7 


1L6 


128,000 


1* 


27.0 


30* 


68.5 


14.0 


126,800 


50,400 
47,067 
51,047 
51,867 
52,748 
50,867 
54,114 
61,788 
58,264 
51,750 
48,058 
48,600 


66,666 


80,744 


78,670 


81,481 


66,828 


71,477 


The  fractured  surface  of  this  iron  presented  a  resemblance  to  charcoal,  very  Inferior,  and  called  by 
the  blacksmith  "rotten." 

Iron  L. 


to 
285 

286 

287 
to 


280 

201 
to 
283 

204 

205 
to 

207 

298 

299 
to 
801 

302 


to 

305 


1ft 

}■ 

1* 


If 

1H 


\ 


}■ 

lit 


ift 

i  sq.  inoh. 

14 

4  sq.  inch. 

1| 

4  sq.  inoh 

1H 

i  sq.  Inoh. 

1*. 

4  sq.  inoh, 

1H 

4  sq.  inoh. 


1ft 


1ft 


1ft 


I 


27.0 


27,0 


27.0 


27.0 


27.0 


27.0 


204 


81| 


81* 


82,162 


28,570 


44,702 


82,688 


86,257 


84,M1 


112,280 


128,800 

18,702 
180,200 

10,767 
123,700 

14,067 
145,000 

20,850 
145,000 

20,800 


60,205 
66,167 
60,770 
75,167 
67,116 
70,067 
56,822 
56,267 
60,201 
58,700 
56,200 
50,600 


4M 

40.9 

102,888 

66.7 

111,748 

69.0 

118/774 

60.1 

107,100 

6S.2 

The  physical  tests  indicated  tbat  this  material,  sent  in  to  compete  with  chain  iron,  was  steel,  the 
grain  being  fine  and  silvery,  taper  at  fracture  very  abrupt,  and  welding  power  low.  Chemical 
analysis  confirmed  the  results  of  physical  tests.  As  this  is  the  only  material  whioh  came  np  to  the  gov- 
ernment standard  of  60,000  lbs.  tensile  strength,  its  results  as  chain  are  interesting  and  valuable. 
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Tm$ton  taste  mpon  round  tart  of  rolled  inm— Continued. 
Ikon  M. 


Dhnensions  of  test-pieces. 


Length.    At  fracture. 


Btress  in  pounds  i 


i 


Tensile  limit 


I 


306 

807 


to 
311 

313 
to 
314 

315 


1- 


27.0 
37.0 
37.0 


37,100 
85,600 
92,300 


t  sq.  inch, 
isq.lnoh. 


65,9*7 

57, 307 
51,380 


All  the  Inks  broke  at  weld  with  low  strain,  iron  red-short  and  worthless.   It  may  or  m*y  not  be  the 
same  iron  as  that  of  which  a  large  quantity  was  subsequently  i  -«.-.       -  »    * 

record  is  given  under  same  symbol,  M. 


r  was  subsequently  received  by  the  department  and  whose 


The  i 


» contractor  furnished  both,  and  states  them  to  be  the  same. 


styotbav 


-Character  of  iron  as  adapted  for  chain  cables.    Tett-piecf   Bars  as  Tolled  and  turned 
cylinders.    T$ttinf^macMn&— A. 


IboxB. 
[Chain  bolts  delivered  and  claimed  to  be  of  same  iron  as  samples  STos.  163  to  174  inclusive.) 


316 

317 
818 
319 
Av. 

169 

320 
321 
823 

Aw. 

187 


Aw. 
171 


Dimensions  of  test-pieces. 


I#ength~         At  fracture. 


I 


in  pounds i 


Tensile  limit. 


** 


* 


W 


* 


f 


12.00 
12.00 
18.00 

iaoo 


13.25 
14.00 
2L5 


»• 


I 


iaoo 

18.00 
18.00 


2L87 
20.40 
2L12 


* 


18.00 

iaoo 

18.00 


21.87 
21.75 
21.87 


88.4 
68.3 
64.2 
75.6 
72.9 

eu 

68.4 
66.4 
60.5 
64.4 

54.9 

57.6 
57.6 
57.8 
57.0 

82.9 


10.4 
16.6 
19.4 


15.8 

15.7 

18.7 
13.1 
17.3 
16.4 

15.9 

18.7 
20.8 
2L5 
20.3 

16.6 


31,233 
85,490 
88,858 
29,675 
32,414 


33,488 
32,630 
83,318 
33,145 


34,159 

82,596 

85,271 

34,009 


83,710 
86,400 
84,860 
84,480 
84,862 

89,090 

120,960 
116,930 
116,930 
118,273 

121,150 

139, 470 
136, 130 
137, 470 
187,023 

142,660 


61,577 
53,234 
52,285 
62,051 
62,287 

54,892 

64,096 
62,294 
62,294 
52,895 

54,181 

63,282 
62,763 
63,282 
53,109 

65,294 


61,870 
78,040 
85,872 
68,850 
78,588 

89,627 

82,814 
78,740 
87,422 
86,325 

98,788 

92,572 
91,670 
92,572 
92,271 

87,892 


60.5 
08.6 
63.8 
56.8 
61.9 


6L9 
62.4 
68.7 
62.7 


6L1 
61.7 
66.1 
63.0 
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Tension  tests  upon  round  bars  of  rolled  iron— Continued. 

Testing-machine— B, 

Ikon  B— Continued. 


i 


Dimensions  of  test-pieces. 


Diameter. 


Length. 


At  fracture. 


1 


Stress  in  pounds  i 


a 


Tensile  limit 


ii 


! 

s 

I 


826 
827 


830 


888 

334 


Av. 


** 


585 

.505 

585 

.470 

665 

.425 

565 

.442 

565 

.440 

L80 
L80 
1.80 
1.80 
L80 


1.53 
1.64 
1.75 
1.72 
1.60 


80.0 
60.5 
66.7 
6L4 
60.8 


18.0 
26.2 
848 
82.7 

80.7 
28.4 


886 
837 


341 
342 
348 
Av. 


^H 


.800 

.800 
.800 
.800 


.630 
.645 
.627 
.687 


1.80 
1.80 
1.80 
1.80 


Gr'Te 

L78 
1.72 
L75 
1.78 


845 

846 
847 
848 
848 
850 
to 
882 
At. 


1H 


.800 
.800 
.800 

,800 


.610 


.618 
.610 


L80 
L80 
L80 

1.80 


Gr»re 

1.74 
L75 
L78 

L79 


Gr»re 


62.2 

65.0 

61.5 

68.5 
6J.1 

62.9 

60.0 
57.6 
58L8 

60.0 

Ma 

•2.8 


88.5 

82.7 

846 

88.6 
88.8 

14.4 

88.2 
85.6 
87.5 

88.1 
86.1 
16.6 


48,868 
40,512 
50,458 

52,271 
50,106 
50,221 

54,778 

51,228 

61,000 

60,925 

50,228 
90,844 

98488 

49,880 
49,860 
49,200 

60,162 
49,709 
52,217 


The  tests  marked  *  ere  those  of  the  sample  bars,  reproduced  for  ready  oompariaon,  made  upon  the 
grooved-shaped  testpieoes  they  show,  by  oompariaon  with  the  results  obtained  by  cylindrical  teat, 
nieces  (which  were  soil  too  short  for  aoonraoy)  the  errors  arising  from  nee  of  thehonrglass  or  j ' 
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■tfrntfii 


lfatejo* 

-OhHMtv  of  Inn 


•mo*  romd  ban  of  rolled  *ro»— Continued, 
as  adapted  for  ohatn-oablea.    fttfrpfeott   Ban  aa  roDefl. 


IbokC. 

[Chain  bolmdelirerecL] 


of  test-jocose. 


Length. 


At  fracture. 


! 


Stress  in  pounds  at— 


Tensile  limit 


n 


a 


35i 


357 
At. 


9 


$ 


17.0 
15.6 


St 


ft 


62.7 
62.7 
62.7 
66.3 
62.7 


22.0 
19.8 


29,881 


tf 


360 
361 

Ay. 


lft.6 
10.5 


St 


58.4 
68.4 
58.4 
60.2 


18.5 
20.6 


» 


864 
365 
366 

At. 


20.0 
12.0 
12.0 
10.0 
20,0 


140 

SI 


67.5 
6L8 
52.7 
67.5 


ia7 

16.7 
16.7 
18.7 
16.1 


85,857 
87,487 
86,857 
84,770 

85,880 

88,800 
82,402 
31,930 
85,180 
tty207 
81,009 

81,581 
82,820 
81,980 
81,057 
29,935 
81,S8« 

80,862 


98,880 
95,040 
97,926 
100,800 
96,960 
97,021 

93,100 

116,160 
117, 120 
112,320 
117,396 
118,749 

101,700 

129,600 
180,860 
184,400 
130,600 
120,716 
180,885 

121,000 


55,050 

58,726 
55,419 
57,045 
64,872 
08,404 

62,700 

56,010 
56,473 
54.158 
56,878 
56,879 

40,080 

58,883 
54,282 
55,873 
54,290 
53,723 
84,410 

60,812 


89,822 
85,858 
88,460 

101,408 
87,588 

00,620 

84,101 

104,928 
105,700 
101,403 
95,921 
102,020 

91,870 

79,852 
87,935 
99,834 
80,468 
70,616 
88,441 

88,852 


58.4 


64.7 
65.7 
65.8 
•2.0 
68.6 

63.4 
57.3 
62.0 
68.4 
•M 
68.4 

6L3 
50.6 
57.1 
65.1 
50.5 
57.8 

01.2 


Testa  marked  *  are  those  of  the  original  sample  bars—the  remainder,  of  iron  delrrered  to  nil  eon- 
tract  which  this  iron  gained  on  these  sixes  in  the  oompetitiTe  test  It  will  be  noticed  by  study  of 
the  record  aa  chain  links  that  the  aample  ban  of  low  tensile  strength,  produced  by  far  the  strongest 
and  meat  uniform  chain  links.    Thus, 


3 


Thus, 

inch  aample  Hnk,  178,200  pounds,  iron  deHTered  160,264  pounds. 
192,000       ".  "  192,685       " 

241,000        "  "  280,000       " 


Ikon  C. 
[Bare  purchaaed  lor  testing  purposes.] 


of  test-pieces. 


Length. 


At  fracture. 


i 


Stress  in 


TenaUe  limit 


! 


At. 

an  i* 

m  it 

tn  if 

372  ,  2 


It 


21 


60.5 
60.5 


20.4 
17.0 


1* 
If 

II 
2 


21| 

25 
24 


64.1 
07.0 
64.0 
76.6 


19.6 
1L7 
17.0 
14.8 


80,000 
88,802 
81,001 

82,460 

31,084 

82,884 

29,835 


56,650 

57,600 
57,126 

71,040 

81,600 

150,886 

160,704 


66,002 

57,948 
57,470 

57,897 

54,940 

54,447 


94,191 
96,742 
04,000 


52.0 
58.8 

68.4 

00,450      56.0 


82,092 
85,071 


51,153  |      66,815 


56.4 
59.8 
57.8 


Hua  aet  of  ban  waa  purchased  in  order  to  obtain  the  record  of  strength  of  all  sixes  of  the  iron  aa 
mis  and  links :  al*n.  for  a  series  of  comparative  testa  of  bnrs  with  and  without  the  skin. 


58 


TE8T8   OF   METALS. 
Tension  tests  upon  round  bars  of  rolled  iron — Continued. 


InvcttiffCtfum— Comparison  o/  strength  of 

dors. 


and  turned  ban.   Tt*Upiece$— Rough  and  turned  cytin- 
"    -machins—B. 


Iron  C. 

[Bar  purchased  for  testing  purposes.] 


Bar. 


Dimensions  of  test-pieces. 


Diameter. 


Length. 


At  fracture. 


Stress  in  pounds  at  tensile 
limit. 


678 
374 
375 
376 
Av. 

877 
378 
870 
At. 

880 
381 
382 
At. 

888 
884 
886 
386 
At. 

387 


300 
381 

Av. 

808 
304 
805 
306 
807 
308 
Av. 

800 
400 
401 
402 
403 
404 
Av. 

405 
406 
407 
408 
400 
Av. 


ST 
& 


B 
B 
B 
B 


L146 
1.145 
L140 
L150 


.840 


.855 
.864 


5.07 
4.65 
4.15 
4.18 


1* 


.065 
.075 
.077 


.730 
.707 
.768 


8.67 
4.15 
8.45 


L024 
1.024 
L024 


.752 

.770 
.760 


3.80 
8.70 
8.40 


.055 
.050 
.056 
.060 


.602 
.600 
.605 


3.07 
4.00 
4.07 
4.07 


.525 
.612 


.886 
.803 
.872 
.875 


2.72 
2.87 
2.00 
2.00 
2.02 


.400 
.400 
.400 
.400 
.400 


.285 
.285 
.280 
.280 
.205 
.288 


2.00 
2.15 
2.15 
2.15 
2.15 
2.15 


B 
B 
B 
B 
B 
B 


.505 
.520 
.520 
.520 
.512 


.400 
.888 
.406 
.421 
.444 
.887 


2.10 
2.00 
2.65 
2.47 
2.45 
2.45 


.400 
.881 
.400 
.400 


.305 


.800 
.812 


LOO 
2.25 
2.00 
1.05 
1.85 


58.6 
55.0 
56.2 
56.5 
55.4 

57.8 
52.6 
6L0 
67.0 

54.0 
57.0 
56.0 
56.0 

52.5 
52.8 
52.0 
52.0 
52.5 

55.2 
5L5 
56.1 
62.8 
51.0 
6S.S 

544 
50.8 
40.8 
40.8 
54.4 
58.0 
52.9 

58.5 

40.8 
6L0 
65.6 
72.0 
57.1 
59.8 

58.2 
60.9 
56.2 
56.8 
64.4 
609 


36.0 
22.6 
83.1 
26.6 
29.7 

27.2 
27.1 
25.3 
20.6 

22.8 
24.8 
23.3 
28.3 

80.8 
3L2 
80.6 
80.6 
30.8 

53.0 
•53.0 
85.0 
57.0 
45.0 
48.0 

42.0 
55.0 
57.0 
45.0 
47.0 
50.0 
49.8 

ia7 

21.2 
16.0 
20.2 
16.8 
21.2 
18.9 

24.6 
25.8 
21.2 
21.8 
17.6 


53,387 
53,073 
52,800 
52,436 
52,949 

52,228 
53,805 
53,354 
52,796 

58,424 
54,644 
54,150 
54,070 

53,120 
53,582 
53,070 
52,640 
68,108 

50,066 
57,216 
60,780 
60,082 
55,428 
58,496 

64,837 
62,640 
64,481 
60,461 
63,246 
61,257 
62,818 

55,400 
56,540 
55,555 
55,701 
54,849 
56,216 
55,725 

40,020 
58,883 
52,705 
56,467 
50,132 
55,811 


158 


078 


4,317 


414 


The  results  from  the  tests  of  the  half-inch  bars  are  not  very  reliable  in  the  data  of  first  stretch  or  of 
elongation,  as  the  test-pieces  were  so  slight  There  is  some  reason  to  believe  that  the  first  turned  set 
of  half-inch  test-pieces  may  have  been  prepared  from  iron  K  by  mistake;  otherwise,  the  series  were  for 
each  comparison  from  the  same  bar. 


TESTS  OF  METALS. 
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Tmrton  tettt  upon  round  bars  of  rolled  mm— Continued. 

Inptttigaiion   Character  of  Inn  as  adapted  tor  chain  cables,  and  effect  of  Tarring  redaction  from  pile 
to  bar.    Tett-pi«ce§    Bars  as  rolled.    T*sting**acMn*—JL 


Iron  D. 
[Two  lota  purchased  lor  test  purposes.] 


Bar. 

\ 

Dimensions  of  test-pieces. 

Stress  in  pounds  at— 

i 

Diameter. 

Length. 

At  fracture. 

Elastic  limit 

Tensile  limit. 

I 

i 

I 
1 

J 

| 

s 

| 

t 

1 

i 

it 

A4 

i 

i 

O 

i 
\ 

ft 

i 

1 

ji 

1 

S 

1 

* 

i 

410 

n 

2 
If 
1 
lr 

1 
1 
I 

*r 

2 
1 
1 
1 
1 
1 
1; 

lir 
1 

1.98 
L84 
L75 
1.62 
L51 
L88 
L26 
1.12 
LOO 

1.97 

ft 
1.63 
1.42 
1.22 
L22 
LIB 
a  95 
0.89 
0.72 

L96 
L66 
L24 
L20 
LIS 
LOS 
0.94 
0.83 
0.72 

L89 

m 
22.00 
22.00 
20.00 
19.00 
lfcOO 
16.00 
14.00 
10.00 

9.00 
9.25 
9.00 
9.00 
8.50 
7.56 
7.00 
6.60 
6.00 

laoo 

u 
26.00 
26.50 
24.20 
22.70 
2L40 
19.00 
16.60 
12.00 

9.10 
12.40 

10.50 

10.46 
10.48 
9.61 
8.28 
7.88 
7.67 

10.75 

58.6 
57.4 
48.7 
56.4 

56.8 
5L8 
5L3 
4L6 

97.9 
68.1 
60.8 
64.9 
58.0 
56.7 
65.7 
56.0 
5L8 

98.0 

18.2 
20.0 
21.2 
19.7 
1&9 
18.7 
14.2 
19.8 

89,760 
76,800 
66,900 
62,400 
48,960 
47,040 
84,660 
29,800 

28,567 
27,816 
27,817 
80,087 
27,708 
81,676 
28,166 
29,476 

160,700 
142,080 
126,720 
111,860 
92,160 
81,600 
68,160 
54,860 

142,100 
149.000 
128,600 
110,500 
101,200 
86,800 
72,800 
58,700 
48,000 

149,800 

51,146 
61,469 
62,699 
53,696 
62,166 
64,949 
56,560 
64,687 

46,161 
68,100 
63,472 
53,614 
56,505 
58,021 
57,979 
69,682 
61,115 

49,146 

56.8 

411 

64.0 

412 

618 

418 

56.0 

414 

58.1 

41 S 

57.8 

416 

66.9 

417 

53.9 

418 

47,100 
77,969 
106,457 
97,701 
97,401 
104, 176 
104,178 
108,488 
117,907 

68,886 

419 
420 
421 
422 
423 
424 
425 
426 
427 

428 

23.2 
17.2 
16.1 
22.7 
24.0 
17.6 
20.5 
26.1 

07.5 

90,000 
76,700 
63,200 
68,200 
47,500 
89,900 
83,100 
26,800 

99,800 

32,074 
81,892 
80,664 
82,496 
32,152 
81,998 
88,597 
88,486 

83,068 

60.5 
59.6 
57.2 
57.5 
54.7 
56.2 
66.4 
54.8 

66.6 

The  first  set  of  bars  of  this  iron  were  purchased  in  1875,  with  the  yiew  of  ascertaining  the  character 
of  chain  cable  which  a  ohoioe  "rivet  iron"  would  produce,  and  the  second  in  1877,  for  data  in 
connection  with  the  investigation  of  the  effect  of  the  rolls  in  reducing  the  piles  to  the  various 
diameters. 

The  almost  uninterrupted  increase  in  proportionate  strength  whioh  accompanied  each  successive 
reduction  in  diameter  (interrupted  only  at  ly')  indicates  that  the  pilea  were  of  uniform  areas  for  the 
sizes  l'\  If,  U",  and  If" ;  and  that  at  1*"  the  area  of  pile  was  changed,  and  remained  uniform  through 
the  other  increasing  sixes.  The  first  2"  bar  was  very  different  in  structure  from  the  rest,  and  the 
fractures  by  tension  and  by  impact  closely  resembled  each  other  (Plate  X).  The  areas  adopted  were 
for  the  m»Ai>nm  sises,  well-suited  for  chain  iron.  For  the  larger  sises  too  little  and  for  the  smaller  too 
much  work  was  given.   See  record  of  chain  links. 
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Tension  teste  upon  round  bare  of  rolled  iron— Continued. 
mtigatton   Elevation  of  the  limit  of  stress.    Tss^pieess— Tamed  cylinders. 
Iron  D  (fiest  lot). 


Dimensions  of  test-pieoes. 


Diameter. 


Length. 


Reduoed 


Percent, 
of  elan- 


Stress  per  squari 
inoh  in  pounds. 


Gsin  by 


©9  fo« 


si 

I 


420 


481 
482 


488 
434 


436 
487 


441 


.797 
.790 


.797 
.707 


.584 
.604 


,564 


.564 
.564 


.564 
.564 


.720 
'607 
693 
'520 
'610 
*490 
.481 


.640 


.465 
.404 


.452 
.480 


.415 


.864 
.400 


8.20 
8.20 


8.20 
8.18 


8.20 
8.18 


2.25 

2.27 


2.28 
2.25 


2.25 
2.25 


2.25 
2.25 


8.60 


8.08 


8.97 
2L67 

"iVs 

2L78 
180 


8.80 
3.63 


4.10 
4.03 


4.15 
4.08 


2.75 
2.75 


2.88 
2.82 


2.98 
2.88 


8.00 
2.02 


83.7 

lit 

Hi 

'81.5 

Vis 

73LO 


72.6 

82.8 


61.1 
64.5 


66.7 
60.6 


67.6 
76.8 


64.3 
68.2 


54.2 
50.8 


4L7 
50.8 


12.5 
2aVl 

Hi 

iaY 

2CL6 

28L5 
24^*4 


1&8 
13.4 


28.1 
26.7 


29.7 
28.3 


22.2 
21.1 


25.2 
25.8 


82.4 
28.0 


33.8 
80.2 


32,071 
30,066 

29,866 
83,474 

30,060 
82,071 

88,662 
34,823 

33,822 
31,010 

36,821 
36,845 

82,022 
80,020 


48,585 
46,624 

47,850 
46,624 

48,800 
47,850 

52,080 
51,485 

40,209 
49,758 

61,635 
51,084 

40,784 
50,884 


63,655 
6^019 


65,723 

6o,oa 

567639 
60,340 
57,089 


None 
lday 

None 
lday 

None 
lday 

None 
lday 

None 
lday 

None 
lday 

None 
lday 


6,981 
7*885 
7,878 
8^608 
'%& 
81*806 
7,206 


14.8 

ie\4 
i$xi 

18.9 
i&5 

ii'i 


One  of  each  pair  of  test-pieces  toned  from  the  same  bar  to  nearly  uniform  dinwnsimn, 
by  continued  application  of  stress.  The  companion  piece  was  released  from  stress  at *'" 
rested  one  day,  then  broken. 


was  broken 
limit  and 


ImesitgaHen   Comparison  of  strength,  Ac,  of  rough  and  turned  bars.    Tsstpi scat  Bars  as  rolled  and 
as  reduced  by  lathe.    Te*tinff-maeh{n$    A. 

Irons  C  and  D. 
{Bars  purchased  for  testing  purposes.) 


i 


Dimensions  of  test-pleoes. 


Diameter. 


Length. 


At  fracture. 


Inoh  upounda. 


Bxoess  of 
strength. 


445 

At. 


447 


AT. 


451 


L02 
L02 
L01 
1.02 


.970 


101 

L92 


•  688 
.728 
•702 

.667 
.671 
.667 
.650 
.664 

1.60 
L42 


4.40 
4.48 
4.08 
4.20 

8.90 
a  75 
8.65 

a  63 

8.78 

6.00 
6.00 


5.65 

6.60 
6.60 
5.48 

6.03 
4.75 
4.78 
4.78 
4.84 

a  19 
a  48 


46.1 
46.5 
50.8 
47.6 

47.4 
47.0 
46.3 
45.0 


50.7 
61.4 


2&4 
24.1 
3L5 
28.0 

2ao 

26.4 
8L2 
31.7 
20.6 

8a  5 

41.8 


86,429 
85,496 
87,830 
36,418 

82,544 
83,880 
83,888 
84,913 
88,871 


62,701 
62,715 
65,877 
53,598 

62,769 
61,626 
51,848 
53,458 
52,424 


1,174 


24,050        49,768 
28,674        49,735 
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Tmtton  imt$  upon  round  ban  ofroUsd  iron— Continued. 
iBOire  C  amd  D— Continued. 


Dimensions  of  test-pieces. 


Length. 


At  fracture. 


inch 


per  squirt 
in  pounds. 


Bxoeas  of 
strength, 
pounds. 


S 


t 


1.90 
1.88 


L80 
1.7* 


L77 
1.70 


L72 
L64 


L64 
LOT 


1.54 
L50 


LOO 
L37 


1.48 
L45 


L25 
L28 


L47 
L43 


L29 
L10 


L07 
LOO 


10.00 
8.00 


1LO0 
7.60 


10.00 
6.00 


11.00 
7.00 


10.00 
5.60 


0.00 
5.00 


1L47 
10.23 


12.98 
9.48 


12.55 
0.06 


18.00 
8.18 


1L67 
7.12 


7.88 
8.56 


7&0 
66.0 


«ao 

68,7 


50.0 
58.4 


78.1 
76.0 


6L9 
57.5 


48.8 
47.1 


19.7 
28.0 


iao 

26.0 


25.4 
88.2 


18.1 
16.1 


16.7 
80.0 


27.0 
8L2 


27,087 
27,010 

88,188 
29,984 

27,700 
82,990 

29,748 
80,222 

27,268 
82,279 

82,472 
88,681 


49,095 
48,726 

49,512 
51,867 

51,499 
51,895 

51,288 
49,419 

51,127 
50,885 

52,156 
58,847 


1,814 


742 


L191 


Jn«esti0ftb*9i~Bffoet  of  varying  reduction  by  the  rolls  npon  the  same  bsr.    Tutyiem  Pars  ss  rolled 
sad  turned  cylinders.    Tetting-maoMru*   A  sad  B. 

Ikon  C  and  D. 

[Ban  purchased  lor  testing  purposes.] 


1 

3 


I 


.  Dimensions  of  test-pieces. 


Diameter. 


Length.       At  fracture. 


Stress  per  square 
inch  in  pounds. 


465 
4*6 
4457 


470 
471 


472 
473 


474 
475 


Round  bar. 
Bound  bar. 
Bound  bar . 
Bound  bar. 

Bound  bar. 
Bound  bar. 
Bound  bar. 
Bound  bar. 

Cylinder... 
Cylinder... 

Cylinder... 
Cylinder... 


L88 

1.24 
1.13 
L02 

L88 
L25 
1.12 
1.02 


.497 


.600 
.500 


.98 
L22 
Lll 


1.00 
L10 
.94 
.78 

.453 
.889 

.430 
.863 


6,50 
5.75 
7.25 
6.00 

6.50 
5.50 
7.00 


&14 
5.83 
7.80 
7.60 

7.13 
6,04 
8.19 


5.75     6.10 


2.98 
2.49 


3.02 
2.55 


3.94 
3.38 


8.94 
8.82 


50.5 
96.8 
97.5 
7L1 

52.6 
77.5 
7a  5 
58.5 

56.9 
46.5 

5L4 
52.7 


25.2 

1.4 

.7 

56.7 

9.7 

9.8 
17.0 
6.0 

32.1 
35.4 

36.8 
30.2 


88,422 
84,188 
87,088 
36,960 

85,026 
33,740 
83,495 
87,694 

26,526 
30,799 

26,526 
30,431 


58,296 
43,040 
50,045 
56,541 

57,486 
53,952 
54,000 
60,947 

50,267 
54,608 

49,515 
51,949 


57.3 
79.4 
74.1 
65.4 

60.9 
62.5 
62.0 
61.8 

52.7 
66.4 

53.6 
58.6 


The  above  tests  were  upon  two  bars,  one  each  of  irons  C  and  D,  from  which,  when  reduced  by  rolls 
to  If",  test-pieees  were  cut,  and  the  bars  subsequently  reduced  to  1±"  and  1",  pieces  being  cut  off  at 
each  reduction,  the  object  being  to  trace  the  effect  upon  the  same  bar  of  the  action  of  the  rolls.  The 
results  are  even  more  irregular  than  the  process  by  which  the  bars  were  produced.  * 
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Tension  teats  upon  round  bars  of  rolled  iron— Continued. 

Imputtgatton—CompariMon.  of  strength  of  rough  and  turned  ban.    Tettpitcti   Bare 
duoed  by  lathe.    Testing-maehine*— A  and  B. 

Ikon  E. 
(Ban  purchased  for  testing  purposes.  ] 


as  rolled,  as  re- 


Dimenslons  of  test-pieces. 


Diameter.        Length.      At  fracture. 


Stress  in  pounds  i 


Excess  of 
strength, 
pounds. 


f 


476 
477 

478 
479 

480 
481 

482 
488 

484 
485 

486 
487 

488 
489 

490 
491 
492 
493 
494 
495 
496 
497 
At. 

498 


1.15 
LOO 

1.26 

L17 

L89 
L85 

L.60 
1.44 

L68 
1.54 

L75 
L64 

L89 
L81 

.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
0.76 

2.08 


.75 
.95 


1.00 
LOO 

L07 
L01 

L30 
1.25 

L84 
1.24 

L89 
L88 

.729 
.775 
.725 
.781 
.780 
.759 
.775 
.779 
.755 

.177 


5.00 
6.00 

4.00 
6.00 

6.00 
6.00 

4.00 

a  oo 

5.00 
6.00 

a  oo 
a  oo 

9.00 
10.00 

8.90 
8.90 
8.90 
3.90 
8.90 
a  90 
8.90 
3.90 
8.00 

6.00 


6.46 
7.58 

5.17 
7.61 

7.76 
7.61 

5.81 

a  oo 

6.52 
7.44 

9.96 
10.80 

1L44 
12.85 

6.12 
4.95 
5.20 
6.00 
4.97 
5.07 
5.01 
5.07 
5.08 

7.62 


50.9 
47.4 

56.9 
52.8 

5L8 
54.2 

50.9 
49.2 

68.7 
65.9 

6&7 
57.2 

54.2 

sai 

55.8 
63.1 
55.2 
56.1 
63.9 
6L0 
63.1 
63.7 
60.3 

7a  i 


29.2 
26.8 

29.2 
27.0 

29.8 
27.0 

32.7 
35.0 

30.4 
24.0 

24.5 

2a  7 

27.4 
23.5 

8L3 
26.9 
33.3 
2a  2 
26.9 
30.0 
2a  4 
30.0 
20.4 

26.8 


83,549 
28,086 

22,712 
23,806 

25,980 
80,181 

82,869 
29,591 

27,695 
27,  no 

26,541 
27,722 

27,156 
25,445 

27,667 
28,071 
27,147 
27,077 
25,395 
25,997 
26,732 
26.281 
26,780 

27,318 


66,152 
67,200 


79,296 
97,920 


108,884 
124,128 


142,992 
126,192 


63,097 
53,497 

53,898 
53,309 

52,254 
51,843 

65,415 
55,409 

61,940 
50,844 

61,606 
61,740 

50,880 
49,044 

49,088 
50,458 
49,054 
49,225 
48,199 
48,399 
49,709 
48,152 
40,038 

51,818 


400 


584 


411 


186 


1,836 


1,842 


Jnv4$tigaHon— Character  of  iron  as  adapted  for  chain-cables,  and  effect  of  varying  reduotion  from 
to  bar.    T6*t-piecc9— Bars  as  rolled.    Tet ting-machine— A. 

Ikon  F  (fikst  lot). 


pile 


Dimensions  of  test-pieces. 


Diameter. 


Length. 


At  fracture. 


4JS 


Stress  in  pounds  I 


8" 

u 

15 


Tensile  limit. 


i 


<D  O 


n 


499 
500 
Av, 

601 
j602 
*Av, 


» 


L12 
L12 


18.5 
18.5 


16.50 
16.23 


lft     L25 
L25 


.90 


15.5 
15,5 


iaoo 

19.00 


51.1 
4a  5 
49.8 

50.7 
61.9 
51.3 


22.2 
20.2 
21.0 

22.0 
22.5 
22.2 


82,640 
84,180 
88,410 
32,469 
81,687 
32,078 


52,800 
58,180 
62,000 

05,280 
64,700 
111.990 


63,800 
53,978 
58,880 

53,211 
52, 730 
52.970 


105,058 
108,486 
106,760 

104,934 
101,697 
108,815 


6L8 
64.2 
68.0 
6X0 
60.0 
60.5 
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Tmtion  farit  upon  round  ban  of  rolled  tro»— Continued. 
Ieon  F  (VXB8T  lot>— Continued. 


Atficaetnro. 


Ten*fl©  limit. 


H 


S 


Ay. 

506 
500 
At. 

607 
408 
At. 


610 
At. 

511 
612 
At. 

613 
614 
At. 


1.88 
1.88 


LIU 
LOO 


16.6 
16.6 


18.93 
18.93 


L60 
L60 


LOO 
LOO 


17.6 
17.6 


19.00 
20.00 


L62 
L62 


L16 
LIB 


19. 0 
19.0 


22.80 
22.87 


L75 
L76 


L84 
L26 


18.0 
18.0 


22.05 
2L62 


L88 
L87 


L42 
L85 


20.0 
20.0 


24.40 
24.82 


LOO 
L99 


L49 
L48 


20.0 
20.0 


28.60 
24.17 


68.6 
62.6 
58.2 

62.9 
52.9 
52.9 

5L3 
63.1 
52.2 

68.7 
5L5 
55J 

57.1 
82.2 
54.6 

66.1 
65.4 
56.7 


20.7 
14.7 
17.7 

8.6 
14.8 
11.4 

17.4 
20.4 
18.9 

22.5 

20.1 

21.8 

22.0 
2L6 
22.8 

17.5 
20.8 
19.1 


82,346 
81,089 
81,992 

81,511 
82,607 
82,0*4 

83,766 
84,048 
88,907 

82,829 
82,180 
82,229 

82,508 
83,625 
88,087 

27,779 
27,490 
27,684 


76,800 
77,670 
77,285 

91,200 
92,650 
91,876 

106,560 
108,480 
107,520 

120,960 
122,880 
121,920 

141,300 
140,550 
140,925 

158,600 
160,920 
152,260 


6L847 
61,245 
61,296 

6L612 
52,876 
61,994 

51,698 
52,629 
52,168 

60,291 

51,089 

50,690 

50,902 
61,176 
61,089 

49,885 
48,522 
48,956 


95,856 
99,007 
97,481 

97,788 
99,185 
98,484 

100,832 

99,204 

100,018 

85,768 
100,130 
92,949 

89,221 
98,190 
93,706 

88,098 
87,744 
87,918 


68.0 
6L7 
62.8 

6L0 
62.2 
61.6 

66.8 

64.6 
64.9 

64.2 
62.8 
68.6 

63.8 
66.7 
64.7 

56.2 
56.6 
66.4 


Im 


ttHgaUtn   Compariaon  of  strength,  Ac.,  of  rough  and  turned  hara.    Tsttptow   Bmim  rolled  tad 
slightly  rednoed.    Testing+nacMn49—B. 

Ikon  F  (flbst  lot). 


1 


Of  tCflt  plOOCM 


TongtJt. 


At  fracture. 


Stress  in  pounds  at  tensile  limit. 


it 


I 


615 
616 
617 
At. 

518 
519 
620 
At. 

621 


824 
At. 


626 
527 


At. 


B 
R 
B 


L015 
LOU 
L017 


.747 
.761 


a  80 
4.00 
4.00 


4.48 
4.95 
4.96 


.897 


.786 
.665 


8.62 
8.47 
8.57 


4.28 
4.82 
4.46 


L018 
L017 
L018 
L016 


.748 
.748 
.758 
.742 


8.96 
8.72 
8.90 
8.90 


4.96 
4.76 
4.83 
4.83 


.872 
.897 
.892 


.681 
.661 
.652 


8.60 
8.64 
3.67 
8.57 


4.68 
4.60 
4.60 
4.50 


-76.0 
63.2 
57.0 
65.1 

•77.0 
55.1 
55.6 
65.1 

546 
54.5 
55.0 
57.8 
55.4 

62.4 
64.4 

53.6 
66.4 
64.2 


17.8 
28.7 
24.0 
21.8 

21.6 
24.4 
24.7 
28.5 

25.9 
28.1 
24.8 
24.8 
25.6 

29.8 
27.6 
29.1 
29.1 
28.8 


62,870 
53,025 
62,645 

51,945 
62,975 
52,575 
52,498 

51,800 
52,175 
52,660 
61,987 
62,155 

61,657 
51,076 
51,888 
51,567 
51,547 


96,680 
94,400 
95,585 


96,175 
94,444 
95,809 

96,410 
96,260 
95,905 
90,045 
94,480 

98,656 
94,888 
97,100 
94,195 
96,071 


147 


608 
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Tension  testa  upon  round  bare  of  rolled  iron— Continued. 
Ibon  F  (first  lot)— Continued. 


580 
531 
532 
933 
584 
At 


586 
687 
588 
580 

At. 

540 
541 
542 
548 
544 
545 
At. 


I 


540 
547 
548 
540 
550 
At. 


Dimensions  of  test-pieces. 


Disaster. 


.682 
.648 
.640 
.641 
.646 
.648 


.642 
.637 
.681 
.686 
.687 


.525 
.525 
.525 
.525 


.483 
.476 
.475 
.475 


.400 
.883 
.887 
.407 


.470 
.470 
.478 
.457 
.467 
.464 


.886 
.881 
.375 
.885 
.377 


Tjjmgfli, 


2.46 
2.48 
2.48 
2.48 
2.60 
2.47 


2.55 

2.47 
2.60 
2.60 
2.50 
2.47 


2.10 
2.05 
2.05 
2.06 
2.05 


3.06 
2.97 
8.05 
2.95 
8.88 
2.98 


2.40 
2.57 
2.46 
2.62 
2.51 


8.19 
a  21 
2.85 
8.15 
8.20 


2.73 
2.73 
2.60 
2.70 
2.73 


At  fracture. 


55.0 
56.4 
55.1 
55.0 
54.0 
50.0 
65.7 

58.0 
52.0 
54.0 
50.9 
52.3 
65.2 

65.5 
58.4 
56.4 
52.5 
58.9 
54.0 
54.1 

54.0  , 

52.7  I 

50.8 

68.8 

51.6 

52.6 


24.0 
19.8 
22.9 
1&9 
82.8 
1&6 
22.8 

20.6 
28.5 
26.0 
16.5 
25.5 
28.4 

25.1 
25.6 
22.8 
26.0 
25.6 
25.5 
25.0 

30.0 
32.5 
26.8 
31.0 
83.1 
80.6 


Stress  m  pounds  si 


i 

I 


56,022 
58,900 
55,960 
56,864 
55,210 
60,504 
57,627 

58,670 
66,460 
56,775 
69,130 
57,295 
67,668 

56,585 
64,825 
65,140 
56,610 
55,680 
66,090 
66,644 

55,195 
55,085 
54,733 
54,785 
65,080 
64,964 


101,820 
104,330 
101,660 
108,666 
102,146 
102,639 
102,666 

101,480 
106,670 
104,710 
99,640 
109,780 
104,220 

102,800 
108,009 
92,896 
107,910 
103,110 
102,040 
108,670 

101,220 
104,600 
107,388 
101,800 
106,856 
104,462 
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Investigation— Establishment  of  standard  for  uniformity  and  elevation  of  limit  of  stress. 
Turned  cylinders.    Testing-maehins—B, 

Iron  F  (first  lot). 


a  I 


DimenRloni  of  t«t-piec*a. 


Diameter. 


I 


5-.1     1 

552  " 

553  I  " 

554  ,  •' 
At  ... 


,872 

-  *U7 


.SttJ 


Length. 


Reduced 
ares. 


031 .1.  e*i 

eoo;i  58 


T 


i 

A    . 


f - 

A  v. 


-5W;. 

.564[. 


.411(2.2;'! 
-40*2.2* 


-I. 


I* 

.664  ..~.#*W&U 
,6eo  ..  .4012.20 
.564  ..,.1.403.2.25 


-1.68. 
4.5'J 

4.03j 


2.04 


l.  u  i 
2-04 


52.4 

54.  a 

53,4 

51.7 
M.1I 

62.0 
62. » 

80.2 

m.  I 

63. 


Per  Gfc 


M.O 
27,7 
2ft.  B 

2M.5 

i&j 

0    7 

k.  i 

8Q.W 

;i^4 

III.  II 

31  /J  I 


Stress  in  pounds  per  square 
inch. 


Tensile  limit. 


35, 104  51,  ti58 
33, 389  ;  51, tt7S 
tti,  £45  M,  887 
HA,  205  I  R1*IKST 
ttf^fli    61^lti 


86,  725 

87,  (QO 
6Ttl75 


vi,  6M 
W.  086 
61,2*3 


»■•?,  02?  I  51,  no4 
83.  tWi  fit,  171 
a;.  025 ;  kj,  o»s 
31  .m  I  anati 


Gain   tn 
strength 

penqnaro 
inch. 


1 


■  -   > 
68.6 

ft! 

r 

06,4 

I 
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Tension  testa  upon  round  bore  of  rolled  iron— Continued. 
Iron  F  (first  lot) — Continued. 


i 

i'i 

i'J 


Dtmwinkm»  of  twt-pieow. 


Diameter. 


1 


Length. 


5 


Rod'c'd 
area. 


Perot, 
elong. 


Stress  in  pounds  per  square 
Inch. 


Tensile  limit. 


Gain 
in  strength 
per 
inch. 


660  |  1* 

661  If 


479.4152.27 
.4062.27 


2.842.96 


.486 


.  418  2. 26  2. 71 2. 8676. 663. 0 19. 9  26. 5 


563  '  1* 

564  fl 

Av.l.... 


669. 

666.483 


665     If 

568  1    " 
At. 

567 


666 
564 


.476 


At. 

669  I  If 
570       * 


790 


790 


571 

572 
Av. 


2    .796 


2.W 


75.651.7,25.1 

-'51.71. 


80.0 
30.4 


4042.201...  2. 

415  2.27  2. 81 2. 90  76.1 


413 


4102.18 


51. 2...  (31. 4 
63.923.631.7 


.2.931- 


62.6 


2.23,2.782.9271263.6 


8.19. 


419 


..8.198.914.1276.965.6 


IK1* 


59K8.1 

6648.14] 
5783.06 


4.10 
416 


409 
407 


246 


62.6 


22.228.8  84,688 


62.0 
68.8 


60.0 
62.2 


344 

3a  9 


.8L3 


30.9 
82.9 


30,2 
83.0 


84,075 

84,501 
35,645 


50,840 

50,275 
49,706 


66,037 


Iday 


4697 


9.2 


65,448 


lday 


5,743   1L5 


83,205 
35,890 


51,464 

51, 154     65, 941 


84,789 
34,023 


51,871 
51,236 


85,454 


50,917 
50,842 


85,899 
85,648 


61,070 
51,784 


81,991 
27,852 


48,686 
49,786 


lday 


4787 


65,950 


lday 


4715 


53,044 


lday 


1702 


9.3 


9.2 


6.8 


67.1 

68.6 
71.7 
70.0 

645 
70.2 
67.8 

66.9 
66.6 
66.8 

69.6 
68.8 
69.8 

70.1 
68.7 
69.4 

646 
65.9 
602 


Tension  tests  upon  crude  iron. 
Inmsfyatlon    Character  of  materiaL    Tcst-piMSf— Paranelogram  and  cylinders. 

Iron  F. 


i 


Dimensions  of  test-pieces. 


Stress  in  pounds  i 


Diameter. 


.503 


Length. 


O     I    < 


2  : 

3  ' 

4| 
6  ! 


.606<  .643, 


.442) 


.876; 


>3.50' 

5     l 


4.15 


8.00,  3.64  '  3.79 


.697; 
.611' 
.603! 


.51; 


2.90 


3.63 


13i    z.  vu j 

611'  .534  .4981    3.15!  3.93     404 


Reduced 


80.8 


76.4 


78.4 


59.6 
73.8 


Percent,  of 
elongation. 


21.8 


66.4  ;  248 
96.4    


18.6 

26.3 
19.3 
28.2 


Tensile  limit. 


29,510  50,870 


29,646 
28,581 
31,207' 
27,399 


54,093 
52,840 
48,481 
85,864 


la 


67,357 
63,892 


64,888 

90,697 
70,875 
72,895 
36,687 


58.0 

548 
546 
644 
77.5 


Koe.  1,  2,  and  3  were  "  crude,"  of  which  No.  1  was  a  parallelogram.  Nos.  4  and  5  "  reheated."  No.  6 
was  cut  across  grain. 

The  results  from  the  first  lot  of  iron  F  indicated  that  it  was  remarkably  uniform  in  its  structure,  and 
ao  thoroughlvMuctile  that  there  was  no  reason  to  apprehend  that  the  results  of  any  series  of  tests  upon 
it  would  be  unpaired  in  value,  by  unaccountable  anomalous  breaks ;  for  these  reasons  it  was  selected 
as  soluble  material,  to  be  used  In  reinvestigating  the  various  physical  phenonema  which  had  become 
manifest  during  the  testing  of  the  preceding  irons,  and  the  value  of  our  results  in  the  various  investi- 
gations upon  other  irons  can  be  measured  by  those  on  this ;  also  the  results  from  the  two  testing-ma- 
chines can  be  compared.  In  order  to  obtain  a  complete  record  of  the  iron,  crude  and  reheated  bars 
from  which  the  second  lot  was  rolled,  and  rolled  bars  from  i  inch  up  to  4  inches  in  diameter,  were  pro 
cured  and  tested. 

5  T  M 
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Tension  tests  upon  round  bars  of  rolled  iron— Continued. 

Investigation— Establishment  of  standard  of  uniformity,  and  effect  of  varying  reductions  from  pile  to 
bar.    Test-pieces—  Bars  as  rolled.    Testing-machine— A. 


578 
674 
575 
676 
577 
At. 

578 
579 
680 
581 
582 
Av. 


584 


587 
Ay. 


Iron  F  (second  lot). 


580 
500 
501 
502 
Av. 

508 
504 
505 
506 
Av. 

607 
508 
500 
600 
601 
Av. 

602 
603 
604 
605 

606  i 

Av. ;. 

607  | 
108  [ 
600 

610  I 

611  I 
Av.  . 


Dimensions  of  test-pieoes. 


Diameter. 


612 
613 
614 
615 
616 
Av. 


.00 
.00 
.90 
.99 
.80 


1.10 
1.10 
1.10 
1.10 
L10 


1.23 
L28 
L28 
1.28 
1.24 


L88 
1.88 
1.88 
1.88 
1.88 


L50 
1.50 
1.50 
1.50 


L625 
1.626 
1.625 
1.625 
1.625 


.72 
.71 
.72 
.71 
.70 


.80 
.70 
.84 
.80 
.80 


.98 
.91 
.98 


1.02 
1.06 
1.05 
L02 
LOO 


L10 
L10 
1.14 
Lll 


L22 
1,20 
1.20 
1.17 
L22 


L73 
1.73 
L74 
1.74 


1.20 
1.28 
1.30 
1.26 


1.74     1.31 


L86 
1.86 
1.86 
L87 
1.86 


1.35 
1.84 
L37 
1.55 
1.38 


2.00 

1.47 

2.00 

1.45 

2.00 

L44 

2.00 

L47 

2.00 

L47 

52.0 
51.0 
52.0 
5L5 
50.0 
51.7 

63.0 
61.6 
58.8 
63.0 
53.0 
53.8 

57.2 
54.8 
63.5 
51.2 
51.6 
65.7 

64.7 
50.0 
57.0 
54.7 
50.0 
57.1 

53.8 
58.8 
67.8 
55.4 
55.2 

66.0 
54.2 
54.2 
51.6 
56.7 
54.5 

55.6 
54.0 
55.8 
52.5 
56.7 
55.1 

52.7 
51.0 
53.9 
68.7 
55.1 
56.4 

54.1 
52.6 
61.8 
5L1 
64.1 
63.8 


Length. 


0.00 
5.00 
5.00 
5.00 
6.00 


7.00 
7.00 
6.75 
6.75 
7.60 


7.00 
7.00 
7.00 
5.50 
6.00 


8.00 
8.00 
8.25 
7.00 
7.00 


0.00 
9.00 
7.60 
9.00 


6.00 
6.00 
a  75 
0.00 

iaoo 


a  oo 

8.00 
7.00 
7.20 

moo 


11.00 

11.00 

10.00 

9.00 

0.00 


12.00 
12.00 
12.00 
10.00 
10.00 


8 

B 


g 
I. 

IJ 


2     I  fe 


6.14 
6.32 
6.24 
6.08 
7.22 


8.77 
a  78 
8.40 
8.43 
0.05 


a  37 
a  09 
7.98 
7.24 
7.02 


0.60 
0.33 
10.25 
a  53 
a  46 


10.98 

11.42 

9.35 

12,21 


7.36 
7.64 
12.08 
11.20 
12.60 


0.92 
10.02 
8.80 
0.10 
18.05 


13.30 
13.60 
12.63 
10.90 
11.12 


14.76 
14.83 
14.82 
12.45 
12.25 


22.8 

26.4 

24.8 

21.6 

20.3  , 

23.2 

25.3 
25.4 
24.4 
24.0 
20.6 
24.3 

10.5 
15.5 
14.0 
31.6 
17.0 
19.5 

21.0 
16.8 
24.2 
21.8 
20.0 
20.9 

22.0 
27.0 
24.6 
35.6 
24.8 

22.6 
27.3 
23.0 
24.4 
25.0 
24.8 

24.0 
25.2 
25.7 
26.4 
30.5 
26.4 

20.0 
23.6 
26.8 
2L4 
2a  5 
23.1 

2a  o 

23.5 
2a  5 
24.5 
2a  5 
23.4 


Stress  in  pounds  t 


Elastic  limit. 


! 
I 

g1 


Tensile  limit. 


i 


24,500  I 
24,800 
25,000  I 
25,000 
24,000 
24,840  , 


81,826  | 
32, 216  , 
32,475  I 
32,475 
32,340 
32,267  , 


30,000  ,  31,570 

29,800  :  31,368 

31,200  |  82,831 

80,  800  32, 421 


30,300 
32,420 

88,000 
40,000 
41,000 
80,000 
40,000 
89,000 

53,000 
65,000 
60,600 
48,000 
51,300 
51,560 

63,600 
63,500 
68,500 
58,900 
61,125 

73,000 
72,000 
68,100 
68,400 
68,500 
70,000 

70,500 
69,600 
71,000 
60,100 
72,000 
70,420 

63,600 
63,000 
01,600 
93,000 
85,700 
79,380 

84,000 
86,000 
85,800 
96,000 
98,700 
90,470 


31,804 
32,019 

81,986 
83,670 
84,511 
32,823 
83,123 
33,222 

85,427 
86,764 
83,768 
82,092 
84,298 
84,469 

85,993 
85,936 
33,105 
83, 331 
84.591 

84,978 
34,400 


40,000 
39,500 
41,000 
41, 800 
41,000 
40,660 

50,000 
40,000 
50,100 
40,200 
50,000 
49,660 

61,000 
62,500 
65,500 
61,000 
63,600 
02,520 

78,600 
81,600 
76,800 
70,700 
76,800 
78,580 

90,000 
01,000 
80, 800 
92,000 
90,025 

107,000 
106,000 


32, 635  ;  105, 300 


82,778 
8a  286 
33,625 

20,987 
20,561 
20,850 
24, 852 
30, 278 
28,907 

23,408 
23,187 
33,711 
33,861 
31,593 
29,132 

27,021 
27,371 
27,307 
30,844 
31,417 
28,792 


105,400 
103,500 
105,440 

116,500 
116, 500 
118,500 
117, 200 
120,000 
117,740 

133, 000 
131,600 
133,100  I 
136,000  , 
134,500 
133,620  ' 


51.063 
51, 812 
53,260 
54,200 
53,260 
52,819 

52,631 
51, 579 
52,720 


98,280 
99,747 
100,787 
105,682 
106,548 
102,139 

00,403  I 
103,222  ! 
90,400  I 


52,631 
52,267 

51,346 
52,600 
65,184 
31,346 
62,666 
62,620 

52,660 
62,480 
61,847 
58,286 
51,018 
52,537 

60,093 
51,499 
50,820 
52,572 
51,456 

51,500 
51,109 
50,782 
50,830 
50,538 
50,970 

40,553 
40,653 
49,831 
49,287 
50,464 
49,738 

48,943 
48,398 
48,048 
49, 517 
40,400 
40,061 


149, 500 

47,581 

151, 000 

48,058 

150, 500 

47,099 

140,  000 

47,428 

140, 800 

47, 682 

149,960 

47,569 

99,403 
98,061 

01, 302 
96,150 
86,670 
100,796 
102,234 
95,431 

92,205 
92,403 
88,694 
97,540 
86,458 
91,400 

94,786 
95,789 
87,978 
96,000 
93,620 

91,681 
93,722 
93,112 
98,037 
88,544 
02,989 

88,931 
90,887 
80,007 
93,933 
89, 038 
90,277 

92,942 
93,262 
90,224 
72, 076 
89,024 
87,680 

88,007 
90,515 
02,444 
87,701 
88,278 
91,224 


3 

1 


61.2 
62.7 
60.9 
50.8 
60.7 
61.0 

60.0 
00.8 
62.2 


61, 773       97, 877         62. 6 


60.6 
61.2 

62.0 
64.0 
62.6 
63.9 
62.0 
01.0 

67.4 
67.4 
65.7 
60.2 
67.2 
05.0 

70.6 
60.6 
65.1 
63.3 
07.1 

oa2 

67.9 
64.6 
64.9 
66,2 
06.8 

60.5 
60.6 
50.9 
67.4 
60.0 
61.5 

47.8 
47.0 
6a  8 
68.3 
63.7 
59.3 

56.8 
57.0 
57.0 
65.0 
65.9 
60.1 


Area  of  pOes  from  which  this  set  of  bars  was  rolled:  1",  6"  X  4",  If  to  IJ",  inclusive,  6"  X  6",  1§" 
to  2",  inclusive,  6"  X  10" 
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Toneion  testa  upon  round  bore  of  rolled  Worn    Continued. 

iparison  of  strength  of  rough  and  turned  ban.    Tutpi§e$e  But  as 
alightty  reduced  by  lathe.    Testing-moeMnt-A. 


BtOW  F  (8SCOND  LOT,  AND  TWO  BAB8  OF  F,  THIRD  LOT). 
[Results  from  rough  ban  axe  the  arerages  given  in  preoeding  table.] 


roUed*nd 


I 


673 
to 
577 
617 


73    > 

17,       » 
to  iJ   1* 

<* 
•i 

h 

m  i 

*? 

W7:i 
to  IS  If 


582 

618 

563  . 

to  i 

«7| 
619 


to 
592 
620 

593 


596 
621 

597 
to 
601 


602 
to 
606 

623 


Dimensions  of  test  pieces. 


Diameter. 


B 
T 

B 

tI 

I 
It 

T 

B 
T 

E 

T! 

B 

t| 

R  i 
T 


.99 
.95 

L10 
.99 

1.28 
1.13 

L38 
L30 

L50 
L40 

L62 

L56 

L74 
1.61 


611 
624 

612  ' 
to  | 
616 
625  ' 

697* 
698*1 
699 

700  j 

701  I  31 
702*  J   ** 

703*1  }    u 

704*  5 


T^mgth. 


At  fracture. 


}- 


B 

1.86 

L40 

T     L71 

1.25 

B 

2,00 

L46 

T 

1.87 

L38 

B 

2.24 

L63 

T 

2.00 

1.47 

B 

2.50 

1.82 

T 

2.86 

1.68 

.72 
.68 

.81 
.72 

.92 
.88 

L04 
.95 

Lll 

LOO 

I 
1.20  | 

I 
Lll  » 

t 
L25  I 

1.17  I 


5.00 
5.00 

7.00 
6.75 

6.40 
5.50 

7.65 
7.00 

8.60 
7.50 

8.16 
9.00 

8.00 

7.20 

10.00 

8.60 

1L20 
8.65 
87.60 
1L50 

87.50 
14,00 


6.19 
6.40 

8.89 
a  85 

7.74 
6.72 

9.19 

8.48 

11.00 
9.40 


10.17 
1L15 

10.18  I  55.1 


54.7 
5L2 

53.8 
54.2 

55.7 
54.3 

57.1 
58.4 

55.2 
5L1 

54.5 


9.11 

12.81 
10.66 

18.60 
10.70 
45.00 
14.60 

48.70 
16.80 


52.7 

56.4 

58.4 

58.8 
54.4 

58.3 
49.5 

62.7 
50.6 


!i 


23.2 
28.0 

243 
23.7 

19.5 
22.2 

20.9 
2L1 

248 
25.8 

24.8 
23.9 

26.4 
26.5 

23.4 
240 

28.4 
23.9 
20.2 
26.8 

20.5 
17.0 


Stress  in  pounds  at— 


Tensile  limit. 


82,267 

32,798 

32,019 
83,762 

83,222 
83,800 

34,469 
30,212 

84,501 
82,675 

33,625 
31,400 

28,907 
34,482 

29,132 
38,972 

28,792 
31,166 
31,237 
81,966 

29,758 


62,819 
62,810 

62,267 
61,675 

62,620 
61,949 

52,587 
50,403 

6L456 
50,709 

50,970 
49,605 

49,788 
60,201 

49,061 
49,682 

47,569 
48,170 
48,505 
49,164 

47,344 
48,478 


n 


162,139 
102,422 

98,061 
98,477 

96,481 
96,285 

91,460 
94,886 

93,626 
99,667 

92,989 
96,724 

90,277 
96,060 

87,686 
92,976 

91,224 
89,749 
91,042 
99,265 

89,820 
95,707 


6L0 
62.0 

6L2 
65.8 
62.0 
68.9 

66.6 

59.9 

67.1 
643 

66.8 
649 

61.6 
68.6 

69.8 
68.3 

60.8 
647 
648 
65.0 

63.7 
59.6 


671 


2,134 


797 


1,865 


463 


621 


601 
659 


1,134 


*  Third  lot  of  iron  7.    The  two  lota  being  of  same  material,  the  tests  are  fairly  comparable  with  the 
r  ban  of  second  lot,  ana  are  reprodaoed  here  for  ready  comparison. 
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Tension  tests  upon  round  bars  0/ rolled  iron — Continued. 

Imertigmtitn    Establishment  of  standard  of  uniformity  by  which  to  measure  results  of  tests  in  various 
investigations.    Test-piece*    Bars  as  rolled.    TssHng-maehine—A.. 

IBON  F  (THIRD  LOT). 


Dimensions  of  test-pieces. 


Diameter. 


Length. 


Stress  in  pounds  1 


Elastic  limit. 


7 
I 


Tensile  limit. 


i 


679 
680 
Av, 


681 
682 
At. 


684 

Av. 

685 
686 

At. 

687 
688 

At. 


If 


It 


691 
603 

Av. 

008 
604 
Av. 

605 
606 
Av. 


1* 


u 


607 
608 

Av. 


1.01 
1.01 


1.13 
L13 


L25 
L25 


1.88 
L88 


1.50 
1.50 


1.62 
L61 


1.74 
L74 


1.87 
1.87 


2.01 
2.01 


2.24 
2.24 


700 
Av. 

701 
702 

Av. 

708 
704 
Av. 


2*T 


2.00 
2.10 


2}R 


2.50 
2.50 


2tT 


2.34 
2.38 


.70 

.74 


.78 
.78 


.87 
.04 


.07 
.87 


1.08 
1.05 


L14 
1.20 


L22 
L26 


L35 
L82 


L45 
1.44 


1.63 
L64 


L45 
1.50 


L82 
L81 


L65 
L71 


48.2 
53.7 
50.0 

47.6 
47.6 
47.6 

48.4 
56.5 
52.4 

40.4 
50.4 
40.0 

51.8 
40.0 
50.4 

40.6 
55.5 
52.5 

40.1 
52.5 
50  8 

52.2 
40.8 
51.0 

52.0 
51.3 
51.6 

53.0 
53.7 
58.8 

48.1 
51.0 
40.5 


5.00 
5.00 


6.46 
6.35 


8.00 

a  00 

0.06 
9.00 

0.00 
0.00 

10.00 
10.00 

10.76 
10.05 

12.08 
11.05 

13.00 
13.00 

13.00 
13.00 

16.10 
16.25 

16.00 
16.81 

13.00 
13.00 

16.50 
16.81 

13.00     15.50 
13.00  |  16.31 


18.00 
13.00 


37.50 
37.50 


11.00 
12.00 


53.0  87.50 
52. 4  37. 50 
52.7 


40.7 
51.6 
50.6 


14.00 
14.00 


16.00 
16.25 


45.00 
45.15 


13.04 
15.24 


42.20 
45.25 


16.50 
16.25 


29.2 
27.0 
28.1 

24.6 
23.7 
24.1 

19.6 
21.7 
20.6 

20.8 
10.5 
20.1 

23.0 
25.0 
24.4 

23.0 
25.5 
24.2 

27.0 
25.5 
26.2 

19.1 
25.5 
22.3 


24.0 


30,600 
82,000 
81,300 

85,600 
85,600 
85,600 

48,600 
48,600 
48,600 

58,400 
58,600 
58,500 

61,000 

63,000 

62,000 

72,000 
72,000 
72,000 

85,600 
85,400 
85,500 

100,000 
05,600 
97,800 

112,  000 
115, 600 
118,800 


20.0  122,400 
20. 4  123, 800 
20.2    128,100 


26.7 
27.0 
20.8 

20.5 
20.6 
20.5 

17.0 
16.0 
17.0 


109,  800 
110,600 
110,200 

140,  500 
140,  800 
148,150 

123,200 
130,  000 
126,600 


38,192 
39,940 
39,066 

85,403 
35,403 
85,498 

39,608 
39,608 
89,608 

39,037 
39, 170 
89,103 

34,522 
35,653 
35,087 

84,034 
35,854 
85,304 

35,996 
35, 912 
85,954 

36,416 
34,818 
85,615 

35,297 
36,  432 
36,864 

81, 059 
31, 415 
31,287 

32,002 
31,  931 
31,966 


41,200 
42,000 
41,600 

50,000 

50,600 

50,800 

64,400 
65,000 
64,700 

78,400 
78,200 
78,800 

89,000 
90,600 
89,800 

102,400 
104,600 
103,500 

120,000 
120,400 
120,200 

135,600 
137,600 
136,600 

151,  600 
152, 200 
151,900 

189,600 
192  700 
191,150 


51,422 
52,420 
51,921 

49,850 
50,448 
50,149 

52,485 
52,974 
52,729 

52,406 
52, 272 
52,339 

50,367 
51,273 
50,820 

40,684 
51, 375 
50,529 

50,464 
50,630 
50,547 

40, 380 
50,100 
49,744 

47,777 
47,967 
47,872 

48,112 
48,898 
48,505 


168, 000  48, 965 
171,  000  49, 364 
169,500    49,164 


80, 436  233, 200 
29, 060  231,  600 
29,758  282,400 

28,644  208,200 
29,  220  I  210,  000 
2S,932  i212,100 

I 


47,507 
47, 181 
47,844 

48.407 
43,550 
48,478 


107,069 
97,441 


104,040 
106,571 


108, 326 
93,660 


106,089 
103, 672 


74.8 
76.2 
75.2 

71.2 
70.3 
70.7 

75.5 
74.8 
75.1 

74.5 
74,9 
74.7 

68.5 
69.5 
69.0 

70.8 
68.8 
69.8 

71.5 
70.9 
71.2 


94,758  .73.7 
100,584  .69.7 
,71.7 


97,150 
104,631 


100,293 
92,484 


102, 651 
96,551 


91,823 
93,431 


90,861 
91,223 


101, 75C 
96,  774 


89,630 
90,011 


97,880 
94,035 


73.8 
75-6 
74.8 

64.5 
64,2 
64.3 

65.4 
64.7 
65.0 

64.1 
63.3 
68.7 

59.1 
60.2 
506 


The  strength  of  bars  of  2}"  up  to  4"  could  not  be  obtained  by  the  testing*moohine  A.  The  results 
obtained  by  tests  of  cylinders  of  1"  diameter,  tested  by  machine  B,  reduced  to  area  of  bars,  gives  entire 
strength  as  follows : 


Lbs. 

2* 275,889 

2  837,603 

.890, 019 


rests  Nos.  699,  700,  708,  and  704  were  made  upon  bars  reduced  in  the  latho. 


"  Lbs. 

81 452,191 

3| 615,423 

4  582,100 
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Tension  tests  upon  round  bars  of  rolled  iron. 

Investigation— The  elimination  of  the  variations  in  tensile  strength,  usually  accompanying  variations 
in  diameter.    Tettrpieces    Bars  as  rolled.    Testing-macMns—A. 

IROX  Fx  (FIRST  LOT). 


i 

§ 

a 
■•» 
S 

1  Diameter. 

Length. 

At  fracture. 

Elastic  limit. 

Tensile  limit. 

© 

i 

3 

,| 

i 

3 

I 

1 

n 

s 

Per  square  inch. 

O 

1? 

j 

o 

n 

n 

// 

n 

753 

L01 

.75 

6.10 

7.45 

55.1 

22.1 

27,500 

84,323 

44,300 

55,292 

100,271 

62.0 

754 

L01 

.74 

a  io 

7.70 

53.7 

26.2 

28,000 

34,947 

45,000 

56,165 

104,651 

62.2 

755 

L01 

.70 

a  oo 

7.10 

56.6 

las 

27,600 

84,448 

44,200 

55,167 

97,440 

62.4 

756 

LOS 

.70 

5.25 

0.50 

55.5 

23.8 

27,500 

83,656 

45,700 

55,929 

100, 749 

60.2 

757 

L02 

.75 

5.25 

a  38 

54.0 

2L5 

27,800 

34,022 

46,000 

50,296 

104,187 

60.6 

Av. 

55.0 

2S.0 

37,680 

85,000 

84,279 

34,807 

45,040 

57,000 

55,708 

55,827 

61.5 

758 

L14 

.80 

a  oo 

9.80 

49.3 

82.5 

118,387 

62.5 

759 

L14 

.88 

8.00 

9.73 

5a  0 

21.6 

35,000 

34,280 

58,100 

50,905 

107,373 

60.2 

760 

L14 

.85 

a  oo 

9.74 

55.6 

21.7 

86,000 

85,259 

67,800 

56,121 

100,969 

62.5 

761 

L14 

.85 

0.75 

7.90 

55.5 

17.0 

85,600 

84,867 

57,100 

65,925 

100, 616 

62.3 

762 

L14 

.85 

6.75 

a  18 

55.5 

21.2 

35,300 

34,140 

58,600 

67,394 

103,259 

00.0 

Av. 

58.8 

S0.8 

2L1 

85,500 

43,500 

84,683 

34,883 

57,630 

08,900 

56,484 

55,253 

61.5 

763 

L26 

.95 

a  so 

7.87 

57.8 

97,200 

63.1 

764 

L26 

.98 

6.50 

7.85 

55.4 

20.7 

44,000 

85,284 

69,600 

65,814 

102,459 

03.2 

765 

L26 

.92 

a  50 

7.90 

54.2 

21.5 

43,200 

84,643 

08,600 

55,012 

103,188 

63.0 

766 

L25 

.92 

0.60 

8.06 

54.1 

23.8 

42,200 

84,892 

07,400 

54,930 

101,883 

62.6 

767 

1.25 

.93 

6.50 

&  20 

55.3 

26.1 

42,600 

84,718 

67,800 

55,250 

99,808 

62.8 

Av. 

54.4 

2S.6 

8L0 

48,100 

50,200 

84,784 
83,091 

68460 

79,800 

55,358 

52,003 

68,0 

768 

L89 

L04 

7.25 

9.50 

56.0 

93,937 

62.9 

769 

L89 

L01 

7.25 

9.60 

52.8 

82.4 

50,800 

83,487 

81,000 

53,894 

101,098 

63.7 

770 

L89 

LOS 

7.25 

9.47 

53.9 

30.0 

51,400 

88,882 

80,700 

63,194 

98,763 

63.7 

771 

L39 

L01 

a  00 

9.80 

52.8 

22.5 

49,800 

82,827 

80,800 

63,348 

100,773 

6L6 

772 

L39 

LOO 

a  00 

9.88 

52.0 

23.6 

60,200 

83,091 

79,500 
80,860 

95,000 

52,406 

101,222 

08.1 

Av. 

58.6 

28.0 

50,480 

00,200 

88,275 

84,069 

53,968 

53,768 

62.8 

773 

L50 

LIS 

9.00 

11.00 

55.7 

22.2 

90,485 

08.4 

774 

L50 

L10 

10.00 

12.50 

53.8 

85.0 

00,600 

84,295 

94,000 

68,537 

99,547 

64.1 

775 

LOO 

L10 

10.00 

12.85 

63.8 

83.6 

61,000 

34,522 

95,000 

53,763 

99,968 

64.8 

776 

LOO 

L10 

a  oo 

9.90 

68.8 

23.7 

61,400 

84,748 

93,900 

53,140 

98,810 

65.4 

777 

L50 

L10 

a  oo 

9.90 

53.8 

244 

59,900 

83,899 

94,100 

53,254 

99,021 

ea  6 

Av. 

54.2 

S8.8 

60,630 

70,800 

84,807 

34,109 

94,520 

110,800 

58,491 

58,517 

64.1 

778 

L62 

L20 

7.00 

a  44 

45.1 

20.6 

97,624 

03.7 

779 

LOS 

L14 

7.00 

a  66 

49.0 

2a  6 

70,000 

88,964 

110, 000 

53,372 

107,787 

63.6 

780 

LOS 

L17 

7.00 

a  42 

52.2 

20.3 

71,000 

34,449 

110, 000 

58,372 

102,825 

64.6 

781 

LOS 

L10 

5.50 

a  29 

6L3 

14.4 

71,200 

34,546 

111,000 

54,342 

105,014 

64.1 

782 

LOS 

L20 

5.60 

0.05 

45.1 

1L0 

70,300 

84,109 

109,400 

68,081 

86,728 

64.0 

Av. 

48.6 

18.0 

70,560 

88,000 

84,825 

80,590 

110,140 

130,000 

53,537 

64,054 

64.0 

783 

L75 

L85 

59.5 

81.6 

90,845 

67.7 

784 

L75 

L83 

a  oo 

9.75 

56.9 

21.9 

87,600 

36,424 

131, 000 

54,470 

95,700 

66.9 

785 

L75 

L88 

a  so 

10.75 

57.8 

26.5 

87,400 

86,840 

128,  000 

53,222 

92,152 

68.3 

786 

L75 

L85 

6.60 

7.68 

59.5 

iai 

88,000 

36,590 

130, 000 

54,054 

90,845 

67.7 

787 

L75 

L82 

0.50 

7.75 

5a  9 

19.2 

88,800 

36,923 

128, 500 

53,430 

93,932 

69.1 

Av. 

58.1 

31.4 

87,900 

90,000 

80,578 

85,688 

130,500 

149, 000 

58,846 

53,674 

67.9 

788 

L88 

L45 

9.00 

10.80 

59.5 

15.1 

92,048 

66.4 

789 

L88 

It  38 

9.00 

10.05 

53.0 

11.7 

98,800 

35,414 

146,300 

52,705 

97,794 

67.2 

790 

L88 

L5S 

9.00 

9.76 

65.4 

oa4 

98,800 

35,414 

145, 400 

62,377 

80,110 

66.5 

791 

L88 

L41 

a  oo 

10.00 

56.2 

25.0 

99,800 

85,983 

146, 000 

62,598 

98,529 

6a3 

792 

1.88 

L44 

a  oo 

9.95 

sa7 

24.4 

99,200 

85,734 

147, 200 

53,025 

93,062 

67.4 

Av. 

08.7 

16.0 

98,930 

109,000 

85,641 

84,691 

140,780 

163,000 

52,875 

61,877 

67.8 

793 

2.00 

L49 

55.5 

28.5 

93,463 

ea  9 

794 

2.00 

L40 

9.00 

11.40 

53.8 

24.4 

108,700 

34,595 

163,600 

52, 069 

97,780 

06.4 

795 

2.00 

L40 

9.00 

1L10 

&.3 

23.3 

108,900 

84,659 

163,000 

51,877 

97,371 

66.8 

796 

2.00 

LOS 

a  oo 

9.60 

57.7 

20.0 

109,  000 

84,691 

163,500 

52,037 

90,082 

eae 

797 

2.00 

L48 

a  oo 

9.90 

54.7 

23.7 

109, 300 

34,876 
84,702 

164,000 

52,196 

95,848 

66.6 

Av. 

54.0 

33.0 

108,980 

103,420 

52,011 

66.6 
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Tension  tests  upon  round  bars  of  rolled  iron — Continued. 
Iron  F  x  (second  lot). 


Diameter. 

Length. 

At  fracture. 

|       Elastic  limit. 

Tensile  limit. 

| 

! 
i 

! 

3 

| 

I 

i 

1 

a 

3 

°  9 

11 

! 

o 

i 

1 

It 
H 

! 

© 

ii 

O 
© 

I 

798 
790 
800 

A  v. 

1.00 
1.00 
LOO 

// 

.73 
.75 
.72 

it 

4.50 
4.50 
4.50 

11 

5.25 
5.38 
5.64 

53.3 
56.8 
61.8 
68.8 

5L0 
58.6 
54.9 
68.2 

52.7 
56.2 
55.0 
52.8 

53.3 
53.3 
54.4 
53.7 

16.6 
19.5 
25.3 
20.5 

18.7 
19.6 
17.5 
18.6 

21.4 
18.3 
20.3 
20  0 

34.4 
23.9 
24.5 

27,900 
28,300 
27,  700 
27,067 

36,  200 
37, 100 
36, 800 
86,700 

46,500 
47,000 
46,400 
46,633 

52,600 
53,100 
53,100 
52,933 

61,500 
62,200 
61,400 
61,700 

73,000 
73,200 
72,000 
78,033 

80,600 
81,000 
82,000 
81,200 

93, 100 
91,800 
92,000 
92,300 

100,000 
103,  000 
103,  500 
102,167 

36,796 
37,318 
36,541 
86,885 

36,743 
37,657 
37,  352 
37,250 

88,493 
38,907 
38,410 
88,603 

35,685 
36, 024 
36,024 
85,911 

34,804 
35, 200 
34,748 
34,017 

3^,854 
35, 952 
35, 805 
35,870 

85,089 
35,263 
35,698 
85,350 

34, 265 
33,787 
33,860 
83,070 

32,154 
33, 119 
33,  279 
36,184 

44,600 
45,000 
44,200 
44,450 

54,500 
55,500 
55,300 
55,100 

66,000 

67,500 

66,300 

66,600 

77,500 
75,000 
76.500 
76,888 

90,900 
91,400 
90,600 
00,967 

109,000 
109, 500 
107,900 
108,800 

119,  000 

120,  500 
121, 000 
120,167 

140,000 

138,000 

139,000 

189,000 

155,  000 
155,  500 
156,000 
155,600 

66,786 
67,308 
66,277 
56,700 

65,818 
66,333 
56,130 
55,027 

54,635 
55,877 
54,884 
55,132 

52, 578 
50,882 
61,900 
51,487 

51,448 
51, 726 
51, 273 
51,481 

53,536 
53,782 
52,996 
53,488 

51,806 
52,459 
52,677 
52,314 

51,527 
50,791 
51, 159 
51,150 

49,839 

50,000 

50,160 

50,000 

106,671 
101,866 
108,672 

62.6 
60.0 
62.7 
02.8 

801 
802 
803 
Av 

L12 
1.12 
1.12 

.80 
.82 
.83 

6.00 
6.00 
6.00 

7.12 
7.17 
7.05 

108,402 
105,093 
102,199 

66.4 
66.8 
66.5 
06.6 

804 
806 
806 
Av 

1.24 
L24 
1.24 

.90 
.93 
.92 

7.00 
7.00 
7.00 

8.50 
8.28 
8.42 

103,740 
99,367 
99,729 

98,675 
95,492 
95,413 

70.6 
69.6 
70.0 
70.0 

807 
808 
809 
Av, 

1.37 
1.37 
L37 

1.00 
1.00 

L01 

8.00 
8.00 
8.00 

P.  95 
9.91 
9.08 

67.9 
70.8 
69.4 
69.4 

810 
811 
812 
Av 

1.50 
1.50 
1.50 

1.05 
1.07 
1.0J 

10.00 
10.00 
10.01) 

12.54 
12.43 
12.67 

1 
49. 9     25. 4 
50.  9     24. 3 
49.9     26.7 
50. 2    *i&& 

103,002 
101,646 
102,662 

67.6 
68.0 
67.8 
67.8 

813 
814 
815 
Av. 

L61 
L61 
1.61 

1.71 
1.71 
L71 

L21 
L18 
L24 

L24 
L25 
L24 

7.25 
7.25 
7.25 



9.00 

a  oo 

8.00 

8.80 
9.13 
8.94 

11.16 

9.99 

10.17 

56.5 
53.7 
59.3 
66.5 

52.6 
53.4 
52.6 
52.8 

55.0 
52.7 
56.6 
54.7 

50.9 
52.4 
51.6 
51.A 

21.4 
25.9 
23.3 
28.5 

24.0 
24.9 
27.1 
25.8 

24.0 
25.5 
23.2 
24.2 

23.9 
23.0 
22.7 

94,782 
100,091 
89,321 

67.0 
66.8 
67.5 
67.1 

816 
817 
818 
Av 

98,510 

98,207 

100, 165 

67.7 
67.2 
67.7 
07.5 

819 
820 
821 
Av 

L86 
1.86 
1.86 

1.38 
1.35 
L40 

9.00 
9.00 

a  oo 

11.30 
11.09 

93,582 
96,436 
90,318 

66.5 
66.5 
66.2 
66.4 

822 
823 
824 
Av, 

L99 
L99 
1.99 

L42 
L44 

1.43 

10.00 
10.00 
10.00 

12.39 
12.30 
12.27 

97,853 
95, 457 
97,135 

64.5 
66.2 
66.3 
65.7 

"I 



Ikon  F  x  (third  lot). 


825 
826 
Av- 

827 
828 
Av. 

829 
830 
Av. 

831 
832 
Av. 


834 
Av. 


LOO 
1.00 


L13 
L13 


1.26 
1.26 


L39 
1.39 


1.51 
L51 


.75 
.74 


.82 

.81 


.91 
.90 


.97 
LOO 


L10 
L10 


5.00 
6.00 


6.00 
6.00 


7.00 
7.00 


8.50 
7.60 


9.00 
9.00 


5.75 
6.78 


7.19 
6.95 


8.63 
a  63 


10.72 
9.10 


1L37 
10.76 


56.8 
54.7 
55.5 

55.6 
54.2 
64.0 

52.2 
51.0 
51.6 

42.1 
51.7 
40.0 

53.0 
53.0 
53.0 


15.0 
15.6 
15.3 

19.8 
15.8 
17.8 

23.3 
23.3 
28.8 

26.1 
21.3 
28.7 

26.3 
19.6 
22.0 


28,000 
29,000 
28.500 

85,000 
34,600 
84,800 

42,600 
41,000 
41,800 

62,000 
63,000 
52,500 

62,800 
62,000 
62,400 


85,650 
36,923 
36,386 

34,895 
34,496 
84,695 

34,162 
32,879 
32,520 

84,275 
84,937 
84,600 

35,004 
34,617 
34,840 


42,500 
42,200 
42,850 

55,000 
54,600 
54,800 

66,000 
66,800 
66,400 

79,000 

81,000 

80,000 

95,000 
94, 200 
04,600 
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TemeUm  tests  upon  round  bars  of  rolled  iron— Continued* 
Iron  Fx  (third  lot) — Continued. 


Diameter. 


1 


Length. 


At  fracture.       Elastic  limit. 


2 


Tensile  limit. 


i 
I 


885 

836 

At. 


At. 


840 
At. 


L63 
L63 


L18 
L22 


7.00 
7.00 


8.67 
a  66 


L74 
L74 


L80 
L27 


10.00 
10.00 


12.27 
12.42 


LOT 
L87 


1.40 
L36 


10.00 
10.00 


12.15 
12.52 


841 
842 
At. 


2.00 


L48 
L48 


10.50 
10.50 


13.28 
12.96 


52.4 
58.0 
54.2 

55.8 

58.4 
64.6 

56.0 
52.0 
54.4 

517 
54.7 
54.7 


23.0 
22.8 
2S.1 

22.7 
24.2 
22.4 

21.6 
25.2 
28.8 

26.6 
28.4 
24.9 


60,600 

71,000 

70,000 

80,000 
82,000 
81,000 

95,400 

97,000 

96,200 

108,000 
106,000 
104,500 


88,061 
34,020 
23,540 

34,908 
85,744 
85,222 

34,741 
85,824 
25,082 

82,781 
88,786 
88,172 


110,600 
112,000 
111,300 

126,000 
126,200 
126400 

148,000 

145;  000 
146/500 

158,000 
161,000 
159,500 


52,994 
68,665 
53,829 

58,112 
53,196 
58464 

53,918 
52,804 
53461 

50,286 
51,241 
50,763 


101,096 
95,808 


94,851 
99,005 


96,166 
99,793 


91,860 
93,604 


62.4 
63.4 
62.9 

63.5 
66.0 
64.S 

94.0 
66.9 
65.7 

65.2 
65.8 
65.5 


Jneeff^alum-Carefdl  test 


for  elastic  limit  of  iron  Fa?,  third  lot.    TesLpisces— Turned  cylinders  i 
bars  as  rolled.    Testing-machtnw—B. 

IBON  Fx  (SECOND  AND  THIRD  LOTS). 

[Test  for  limit  of  elasticity.  J 


of  test-pieces. 


Length. 


Stress  in  pounds  at— 


limit 


i 


i 


2 


Tensile  limit 


i 


z 


845 


.500 
601 


.495 
.500 


.359 


2.500 
2.500 


« 
2.509 
2.507 

// 
3.268 
3.298 

7,375 
6,937 

37,551 
85,195 

10,050 
10,350 

51, 171 
52,511 

73.8 
67.0 


Measurements  were  taken  at  every  50  pounds  increase  on  If",  and  every  25  pounJU*oi*lt*bar. 
form  at  7,800  pounds  on  toe  first,  or  at  6,925  pounds  otwthe  second/ 


Hb  change  of  form  s 


80 


TESTS   OP"  METALS. 


Tension  tests  upon  round  ban  ofroUed  iron— Continued. 

Te*ting~machin*—A. 

Ibon  F  x  (second  and  third  lots)— Continued. 

[Tests  to  determine  variation  in  percentage  of  elongation,  dne  to  variation  in  length  of  tesVpieoes.] 


Dimensions  of  teat-pieces. 


Diameter. 


Length. 


I 


Stress  in  pounds  i 


Elastic  limit. 


Tensile  limit. 


846 
447 
448 


1.78 
1.78 
1.73 


L81 
L21 
L24 


75.0 
20.0 
10.0 


89.00 
24.86 
12.88 


76,900 
80,500 
80,000 


88,709 
84,240 
84,028 


117,100 
118,600 
121,000 


50,021 
50,446 
51,467 


18.66 
2L80 
28.20 


Unless  caused  by  unknown  reasons,  the  extreme  variation  in  per  cent  of  elongation,  dne  to  variation 
in  length  of  test-piece  was  8".  54. 


Tensile  strength  per  square  inoh  of  three  lots  each  of  irons  F  and  Fb. 
[Abstract  from  preceding  records.] 


u 

IronF. 

IronF*. 

J* 

First  lot. 

8eoondlot 

Third  lot. 

First  lot 

Second  lot. 

Third  lot 

II 

lr 

1 

1 

1 

1 

1 

J. 

61,862 
68,850 
59,970 
51,296 
61,994 
52,165 
60,690 
51,039 
48,956 
51,580 

59,819 
62,267 
52,680 
62,587 
51,456 
60,970 
49,788 
49,061 
47,669 
51,004 

61,128 
60,149 
52,279 
52,889 
50,820 
50,529 
60,547 
49,744 
47,872 
50,600 

66,768 
56,484 
65,258 
52,968 
68,491 
58,587 
68,846 
68,876 
68,011 
54,020 

68,790 
66,987 
66,188 
61,487 
61,481 
58,488 
68,814 
61,159 
60,000 
68,081 

58,915 
54,644 
58,847 
68,788 
58,819 
68,889 
68,154 
58,861 
50,768 
51,108 

The  history  of  the  process  of  manufacture  of  the  above  set  of  bars  i  dimensions  of  piles,  Ac.— to* 
gether  with  a  discussion  of  the  results  qf  the  tests  are  gtrenin  the  paper  on  the  bar  Reflect  of  dliEsr* 
enoes  in*the  amount  o£V  redaction  by  the  raUsjt*  pages  88  to  45. 


TE8TS  OF  METALS. 


81 


Tension  tests  upon  round  bare  of  rolled  (row— Continued. 

Int^gaHan—CbMrmotat  aa  adapted  tor  chain  cables.   Tut  yitatr—  Bara  aa  rolled.   Te9tfag-maekin6-~A. 

Iron  K. 


Dimensions  of  test-pieces. 


Diameter. 


Length. 


At  fracture. 


! 
i 


Stress  in  pounds  at— 


1fan«L 


It 


Pi 


850 
851 
At. 


853 

At. 


855 
At. 

856 

857 
At. 


880 
861 
At. 

862  1 

863 


866 
At. 


867 

868 
At. 


U 


If 


?l 


L125 
1.125 
L125 


.875 
.875 
.675 


13.50 
13.50 
18.50 


16.12 
16.25 
10.JL2 


L250 
1.250 


L000 
L062 


16.00 
16.00 


18.87 
16.58 


1.375 

1.375 


L062 
L000 


15.75 
15.75 


10.12 
10.50 


L500 
L500 


1.125 
L125 


10.00 
10.00 


23.37 
28.12 


L625 
1.625 
1.625 
L625 


1.187 
1.187 
L198 
L250 


10.00 
10.00 

iaoo 

18.00 


22.87 
21.87 
21.72 
2L47 


U 


L710 

1.750 

L830 

1.875 
L875 


L280 

L500 

1.350 

1.440 
1.410 


0.00 
0.00 
11.56 
10.50 

iaoo 


0.00 

22.85 

14.08 

23.00 
21.87 


60.5 
60.5 
60.5 
00.5 

64.0 
72.3 
68.1 

60.0 
52.0 
56.4 

60.5 
60.5 
60.5 

58.4 
53.4 
54.4 
50.2 
55.1 

56.0 

73.0 

515 

50.0 
57.0 
08.0 


10.4 
20.3 
10.4 


iao 

16.0 


21.4 
28.8 


17.7 
2L7 


20.7 
15.1 
20.6 
10.2 


2.030 
2.040 


L640 
1.540 


iaoo 

10.00 


20.40 
22.88 


10.0 

17.6 

2L8 

ia4 

22.0 
20.2 

ias 

17.8 
15.5 


36,700 
36,700 
38,681 
87,844 

87,551 
35,452 
86,601 

31,034 
31,084 
81,084 

32,587 
84,227 
88,412 


84,717 
85,180 
85,180 
85,026 

38,310 

83,124 

82,486 

80,044 
81, 118 
81,081 

81,441 
80,880 
81,140 


60,186 

60,006 

61,056 

60,006 

73,020 

72,000 

72,060 

80,640 
85,056 
82,848 

102,720 

00,840 

101,280 

110,612 
114,240 
120,000 
120,000 
118,468 

130,000 

138,200 

148,800 

153,600 
154,560 
154,080 

104,880 
188,160 
101,520 


50,408 
60,458 
61,424 
60,458 

60,244 
58,679 
59,461 

54,303 
57,277 
55,700 

58,132 
56,502 
57,317 

57,674 
55,182 
67,862 
67,862 
57,182 

56,505 

67,874 

56,577 

55,630 
55,077 
55,808 

60,213 
57,567 
58,890 


98,843 

90,040 

102,148 

100,144 

94,117 
81,264 
87,600 

01, 015 
108,206 
09,655 

103, 340 
100,402 
101,871 

108,048 
103, 107 
106,104 
97,708 
103,809 

101, 010 

78,777 

103,063 

04,814 
00,603 
97,008 

02,255 
101,708 
96,981 


61.6 
60.7 
62.8 
61.7 

62.8 
60.0 
61.1 

57.1 
54.1 
55.6 

56.0 
60  5 
58.2 


63.0 
60.8 
60.8 
61.5 

67.7 

67.3 

57.0 

55.6 


52.2 
53.5 


6th 
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Tension  ietU  upon  round  bar$  of  rolled  iron— Continued. 

Iron  K  (1"  bars)  and  D  (1"  bar). 


Bar. 


I 


MO 

870 
871 

At. 

873 
878 
874 
At. 

875 
876 
877 
878 
At. 

879 
880 
881 
At. 


864 
885 

At, 


At. 


KB 
KB 
KB 


KT 

IT 
KT 


KB 

KB 
KB 
KB 


KT 
KT 
KT 


DB 
DB 
DB 
DB 


DT 
DT 
DT 
DT 


Dimensions  of  test-pieces. 


Diameter. 


.008 


.000 
.000 
.000 


.008 
.002 
.006 
.003 


.000 


1.02 
1.01 
1.02 
L01 


.070 
.068 
.070 


.776 
.770 
.762 


.706 


.764 
.776 
.754 
.768 


.601 
.680 
.684 


.606 
.675 


.728 


.667 
.671 
.667 
.650 


Length. 


8.05 
8.05 
8.05 


8.66 
8.50 
8.66 


8.07 
8.02 
8.80 
8.04 


8.55 
8.50 
8.55 


4.40 
4.45 
4.42 
4.02 


8.80 
8.76 
8.65 
8.62 


At  fracture. 


! 

I 


50.8 
50.6 
58.0 
59.2 

60.5 
61.0 

eai 

60.5 

67.8 
61.3 
67.3 
60.0 
50.1 

50.2 
50.3 
50.6 
50.4 

46.1 
45.1 
45.6 
60.8 
48.8 

47.6 
48.0 
47,7 
45.0 
47.0 


1! 


2L5 
21.0 
21.6 
21.2 

23.8 
20.8 
21.6 
20.0 

22.2 
28.2 
22.1 
23.7 
92.8 

23.0 
18.3 
26.5 
92.0 

28.4 
20.2 
24.8 
81.6 
26.1 

28.0 
26.6 
80.8 
81.7 
20.5 


62,444 
61,000 
62,466 
62,260 

50,430 

61,030 

60,240 

60,586 

62,100 
62,360 
61,600 
61,711 
61,040 

61,067 
62,747 
61,656 
61,828 

52,605 
52,806 
62,710 
55,300 
58,400 

52,712 
61,623 
61,848 
53,450 
52,408 


1 


1,733 


126 


082 


1 


9 

J 


Irons  K  and  D  were  repreaentatlTea  of  extreme  contrasting  types  of  very  refined  and  pure  iron,  the 
first  a  Pennsylvania  and  second  Massachusetts  production— the  latter  being  rivet  iron  and  the  former 
the  jonkriron  tested  which  would  come  np  to  the  government  standard  of  60,000  pounds  per  square 
inch.    Xheir  record  has  been  placed  under  one  heading  for  contrast. 
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Tension  tests  upon  round  bars  of  rolled  4ro»— Continued, 
lawf^atiofv— Character  as  adapted  for  chain  cables.    Tert-piecee—'BarB  as  rolled.    Testing^naehine   A. 

Iron  O. 


Dimensions  of  test*pleoes. 


Diameter. 


Length. 


At  fracture. 


I 


as 


Stress  in  pounds  fl 


Tensile  limit. 


!i 


fe*S 


I1 


3 


012 
913 
914 
915 
916 
917 
918 
919 
9£0 


L01 
L10 
L26 
1.36 
LSI 
1.62 
L72 
L86 
2.00 


0.71 

.75 

.81 

.87 

LOO 

L12 

L17 

L25 

L40 


5.00 
6.00 
a  00 
9.00 
10.00 

a  oo 

10.00 

moo 

1L00 


5.75 

7.88 

9.90 

1L48 

12.73 

9.77 

12.88 

12.40 

13.82 


49.4 
46.5 
43.0 
4L6 
43.7 
47.8 
46.3 
45.2 
48.9 


16.2 
28.0 
23.7 
27.5 
27.8 
22.1 
23.8 
24.0 
25.6 


87,415 
82,410 
80,073 
84,940 
82,312 
84,012 
82,271 
80,842 
31,418 


46,000 
50,400 
61,400 
72,400 
91,400 
108,000 
116,500 
129,000 
151,600 


57,863 
63,085 
50,040 
50,594 
50,919 
52,401 
50,120 
47,478 
48,249 


116,168 
114,050 
116,265 
121,788 
116,373 
109,622 
108,872 
105,184 
98,505 


65.2 
6L1 
60.1 
69.0 
63.4 
64,9 
64.8 
65.0 
65.1 


This  is  a  very  fine  quality  charcoal  bloom  iron,  entirely  too  ductile  for  chain-cable  manufacture.  It 
was,  however,  thought  desirable  to  procure  the  record  as  cable  of  iron  of  this  character,  for  sake  of 
contrast  with  that  of  such  iron  as  N. 


Jnttttttyation— Character  as  chain  cable,— variation  in  tensile  strength  accompanying  variation  in 
diameter,  Ac.     Test-pieces— Ban  as  rolled.    Testing  machine— A^ 

Ikox  P  (first,  second,  and  thtbd  lots). 

FIRST  LOT,  1875. 


Diameter  of  test-pieces. 


Diameter. 


Length. 


At  fracture. 


Stress  in  pounds  i 


Tensile  limit. 


JF 


& 


921 
922 
928 
924 
925 


L27 
L88 
L46 
L52 
2.02 


.80 
.86 


6.7 
7.0 


a  82 
a  07 


40.0 
89.0 


8L6 
29.6 


85,696 
80,802 


.95 
1.40 


&0 
10.0 


10.24 
12.40 


39.1 
6L0 


28.0 
24.0 


29,630 
29,959 


70,704 
78,624 
89,800 
95,904 
159,849 


55,782 
52,550 
53,845 
52,865 
49,872 


185,841 


6L4 

58.6 


185,804 
98,121 


56.0 
68.0 
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Tensile  teste  upon  round  ban  of  rolled  iron— Continued. 
Iron  P  (first,  second,  and  third  lots) — Continued. 

SECOND  LOT,  1876. 


Diameter  of  test-pieces. 


Diameter.       Length. 


At  fracture. 


! 


Stress  in  pound*  i 


Tensile  limit 


926 
987 
At. 

928 
929 

At. 


931 
At. 


.94 
.73 


4.25 
4.25 


4.67 
6.03 


90.2 
64.4 


.9 

1&8 


L12 
L12 


.82 
.81 


6.00 
6.00 


7.20 
7.06 


H 


1.28 
L28 


.91 
.87 


7.00 
7.00 


a  78 
a  67 


988 
At. 

984 
985 
At. 

936 

987 
938 

At. 
939 
940 

At. 

941 
942 
At. 


If 


L40 
L40 


.95 
.97 


a  00 

a  oo 


10.06 
9.90 


II 


L52 
1.52 


1.08 
1.10 


10.60 
10.00 


12.22 
12.40 


L64 


1.77 
1.77 


L16 


L34 
1.80 


a  00 


9.00 
9.00 


a  70 


1L81 
10.98 


II 


1.88 
L88 


L28 
L80 


10.00 
10.00 


12.56 
12.30 


2.01 
2.01 


L28 
L29 


11.00 
11.00 


14.20 
14.22 


52.6 
62.3 
MO 

sas 

46.2 
48.8 

46.0 
46.8 
40.4 

50.5 
52.8 
51.4 

50.0 

57.8 

sao 

55.0 
46.4 

47.8 
47.1 

4a  6 

41.2 
40.9 


20.0 
17.7 
18.9 

25.4 
23.9 
24.0 

25.6 
23.7 
24.0 

22.2 
24.0 
28.1 

10 

25.7 
22.0 
28.8 
25.6 
23.0 
24.8 

29.1 
29.3 
29.2 


88,971 
89,489 
89,280 

41,006 
41,615 
41,811 

87,218 
86,519 
86,808 

83,788 
37,737 
85,702 

83,057 
83,233 
83,140 

88,52* 

88,238 
33,726 
83,842 
82,420 
82,204 
32,812 

81,678 
82,083 

11,878 


48,000 
46,000 
44,500 

56,000 

57,000 

50,600 

78,000 

73,400 

78,200 

86,000 

85,000 

85,000 

97,400 

99,200 

98,800 

117,500 

182,400 
127,700 

180.050 
143,800 
146,600 

146,200 

161,400 
161,200 
161,300 


55,858 
59,755 
57,807 

56,840 
57,739 
57.289 

56,721 
57,031 
66,870 

55,230 
55,230 
65,280 

58,664 
54,655 
54,159 

55,084 

53,799 
51,889 
52,844 
61,801 
52,809 
52,305 

50,866 
50,803 
50,834 


109,916 


124,976 
130,021 


112,238 
123,465 


119,921 
115,029 


106,320 
104,388 


111,108 

93,900 
96,233 


93,900 
96,233 


125,310 
123,335 


69.8 
66.1 
07.9 

72.1 
7L9 
72.0 

65.6 
64.0 
04.8 

6L2 
64.0 
02.9 

61.6 
6L8 
01.7 

00.2 

61.8 
65.0 
08.4 
61.8 
65.0 
08.4 

62.8 
63.1 
02.7 


.518 


-.418 


-1.646 


-L071 
+L475 


2.790 

l—VSo"' 


— L471 


THIRD  LOT  (Ps). 


94ft 

» 

L26 
L26 

.92 
.95 

7.50 
7.50 

a  96 

a  08 

53.3 
56.8 
56.1 

sa  o 

5a  o 

58.0 

46.7 
43.4 
45.1 

56.2 
56.2 
56.2 

49.8 
50.6 
50.2 

19.5 
2L0 
20.2 

22.3 
23.0 
22.0 

26.4 
25.4 
25.9 

22.8 
24.7 
28.7 

2a4 

27.1 
27.7 

84,482 
83,360 
88,021 

84,617 

84,617 

38,143 
33,712 
33,427 

83,703 
34,114 
83,908 

82,046 
32,477 
82,201 

70,600 
70,000 
70,250 

97,800 
96,900 
97,850 

115,000 
116,000 
115,500 

131,600 
132,200 
181,900 

142,400 
141,600 
142,000 

56,535 
56,134 
56,334 

106,046 

98,758 

102,402 

94*129 

93,262 

93,095 

116,727 
126,723 
121,675 

96,199 
96,637 
96,418 

104,093 
101,943 
103,018 

61.0 

6ai 

59.5 

63.9 
64.0 
04.0 

60.9 
61.4 
00.1 

62.3 
62.8 
02.5 

944 

At 

94* 

» 

L51 
L51 

L15 
1.15 

7.50 
9.00 

a  17 

11.07 

54,606 
54,103 
54,364 

54,455 
54,924 
54,689 

54,089 
54,836 
54,212 

51,860 
61,665 
51,702 

946 
At 

— LWO""" 

947 

If 

1.64 
L64 

1.12 
L08 

7.00 
7.00 

a  85 
a  78 

948 

At 

+"."885"" 

949 

u 

L76 
L76 

1.82 
1.32 

9.00 
9.00 

11.50 
1L22 

960 

At 

—  .477 

951 

}f 

L87 
L87 

L32 
L88 

10.00 
10.00 

12.84 
12.71 

95? 

At 

02.8 

—2.450 
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Tensile  testa  upon  round  bars  of  rolled  iron— Continued. 

Investigation— Teste  preliminary  to  receipt  of  chain  iron.    Tett-puots— Chain  bolts  In  natural  state. 

Sbstfag-masMns   A. 

IRON  P  1-&  (CHAIN  BOLTS). 


I 

2 


Dimensions  of  test-pieces. 


Diameter.        Length.      At  fracture. 


Stress  in  pounds  a 


Tensile  limit 


IS 


ft 


o 

I 


ft 

I 


968 
to 
962 

968 
to 
972 

978 
to 
962 

983 
to 
90S 

998 

to 

1002 

1008 

to 

1012 

1018 

to 

1022 

1023 
to 
1082 

1083 
to 
1042 

At... 


V  L82 
\  1.82 
I  1.32 
I  1.82 
I  L32 
\  1.82 
\  L32 

V  L82 
I  1.81 


LOO 
.98 

L01 

LOO 
.96 

L01 
.97 
.99 
.97 


a  26 
a  80 
a  26 

a  so 
a  88 
a  30 
a  so 
aso 
a  66 


10.0 
9.9 
9.9 
9.8 
9.6 
9.7 
10.0 
10.1 
10.2 


1048 
1044 
1045 
1046 
Av... 


1.31 
LSI 
L81 
1.81 


.96 
.98 
.94 
.96 


a  25 
a  26 
a  26 
a  26 


10.1 
10.0 
10.1 
9.9 


67.4 
56.1 

&a  3 

57.4 
55.1 
5&3 
54.0 
56.8 

5L8 

55.0 

62.9 
56.0 
51.5 
53.7 
53.8 


20.0 
19.8 
19.6 

iao 

19.4 
16.5 
20.1 
20.4 

19.1 

19.1 

2L9 
21.7 
22.3 
19.6 
21.4 


86,111 
34,781 
86,646 
86,058 
15,898 


72,740 
78,560 
74,190 
72,640 
74,120 
76,560 
76,540 
76,890 

75,240 

74,490 

72,400 
72,800 
73,200 
73,000 
72,850 


53,172 
63,772 
54,282 
53,100 
64,181 
56,284 
55,960 
65,475 

55,816 

54,548 

62,908 
54,014 
54,310 
54,162 
53,848 


92,615 
97,584 
92,598 
92,487 
98,263 
94,809 

103,572 
97,808 

101,818 


10 
10 
10 
10 
10 
10 
10 
10 
10 


100,027 
96,518 
105.475 
100,886 


60.0 


Of  the  shore  tests  ninety  were  made  by  the  board  of  officers  appointed  by  the  Equipment  Bureau  to 
inspect  chain-iron  delivered  as  samples  and  under  contract,  and  the  record  has,  by  permission  of  the 
Chief  of  that  bureau,  been  incorporated  in  this  report. 

No  tests  having  been  made  for  elastic  limit,  the  chairmen  of  these  committees  obtained  permission  to 
make  the  tests  1048  to  1046,  inclusive ;  also  to  make  and  test  from  the  iron  a  set  of  chain  links  whose 
record  is  given  on  page  188,  no  tests  in  this  form  appearing  upon  the  records  of  the  navy-yard. 
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Tmrion  torts  upon  round  ban  of  rolled  iron—  Continued. 
Jnmtigatum— Examination  of  chain  htm  delivered.    JMtgfro— -Bare  m  rolled.    TwUng+nackiM—JL* 

IronM. 


1 

Jar. 

Dimensions  of  test-pieoes. 

Strew  in  pounds  **— 

Diameter. 

Length. 

Atifoctaro. 

Tensile  limit. 

I* 

lit 

i 

a 

a 
a 

i 

I 

i 

1 

i 

t 
1 

3 

1 

21 

i 

! 

n 
i 

i5 

1400 

n 

LOO 
1.88 
1.80 

1.00 
LOO 
1.06 

2.01 
2.01 
2.01 

2.10 
2.10 
2.10 

2.15 
2.15 
2.16 

2.22 
2.22 
2.22 

2.20 
2.20 
2.20 

L45 

1.47 

1.406 

L52 
L50 
1.61 

1.50 

1  56 

1.660 

LOO 
LOO 
1.500 

L08 
L05 
1.606 

L07 
L71 
1.60 

1.78 
L78 
17.8 

las 
mo 

H 

12.00 
12.37 

58.2 
01.1 
50.6 

00.1 
58.6 
60.S 

00.2 
60.6 
50.8 

58.0 
57.8 
07.6 

0L0 
68.8 
50J 

60.0 
50.8 
57.0 

58.0 
57.6 
68.0 

20.0 
17.8 
10.S 

10.0 
20.0 
10.8 

21.3 
23.0 
22.1 

22.0 
2L2 
21.6 

22.2 
21.8 
22.0 

22.0 

24.0 
28.S 

25.0 
22.8 
2S.0 

143.200 

139,400 

141,300 

158,000 
154,000 
166,300 

150,000 
107,000 
161,800 

178,000 
171,200 
174,000 

184.000 
180,000 
185,800 

200,000 

200,000 

200,000 

205,800 
210,400 
208,100 

60,511 
50,210 
60,363 

51,707 
61.242 
61,474 

49,104 
52,820 
60,002 

51.560 
40.422 
60,400 

60.841 
51, 225 
6i9036 

61,000 
61,666 
61,666 

61.290 
51.530 
61,413 

1410 

Av  .- 

110,002 

2,206 

1411 
1412 

w 

1L5 
1L5 

18.00 
13.87 

Av.. 

151,848 

6,462 

1413 

2. 

44 

12.0 
12.0 

14.50 
14.75 

1414 
Av.. 

150,207 

"l,4»? 

1415 

tt 

13.0 
18.0 

15.87 
16.75 

1410 

Av  .. 

168,613 

6,537 

1417 

» 

13.5 
13.5 

10.50 
10.45 

1418 

Av.. 

180,062 

4,148 

1410 
1420 

tt 

13.5 
13.5 

10.50 
10.75 

Av  .. 

106,747 

6,256 

1421 

» 

14.6 
14.5 

iai2 

17.81 

1422 

Av  .. 

204,418 

3,682 

Ho  chain  links  of  the  shore  bars  (which  were  purchased  for  the  manufacture  of  end  links,  to  attach 
to  shackles  in  chains  of  less  diameter,  and  for  shackles,)  were  tested.  Although  the  fault  of  being 
rolled  too  foil  was  a  good  one,  as  far  as  strength  depended  upon  it,  the  errors  in  the  sizes  were  too  great 
to  permit  the  record  to  remain  uncorrected,  in  contrast  with  that  of  bars  of  other  irons  rolled  true. 
The  record  is  an  abstract  from  the  books  of  the  navy-yard,  Washington,  D.  C. 


SECTION    II. 

FORM  AND  PROPORTIONS  OF  TEST-PIECES. 

a  paper  8h6wing  bt  experiment,  the  correct  form  and  proportions  of  test- 
pieces  to  be  used  in  order  to  procure  correctly  the  tenacity,  elastic 
limit,  etc.,  of  various  metals— a  comparison  of  the  strength  of  bars  in 
their  normal  condition  with  the  same  after  rbducion  by  turning  away 
the  surface— Comparing  the  results  by  the  two  test  ing-machines. 

In  obtaining  the  results  introduced  in  the  tables  of  records  of  bars 
tested  by  tension,  we  have  used  the  two  testing-machines  A  and  B. 

By  the  first  we  have  tested  all  of  the  bars  of  diameter  greater  than 
one  inch,  and  by  the  latter,  bars  in  their  normal  condition  of  less  than 
one  inch  diameter,  and  cylinders  turned  from  the  larger  bars. 
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Our  tests  made  upon  these  cylinders  gave  results  of  tensile  strength, 
and  elastic  limit,  which  were  so  much  lower  than  the  manufacturers  of 
the  various  irons  considered  their  products  equal  to,  that  some  dissatis- 
faction and  doubt  as  to  their  correctness  were  expressed. 

Upon  examination,  we  found  that  in  nearly  all  cases  where  our  results 
were  supposed  to  be  erroneous,  on  account  of  a  lack  of  coincidence  with 
results,  obtained  in  some  cases  by  the  experiments  of  private  testers  of 
iron,  and  in  others  by  tests  made  in  government  navy-yards,  by  persons 
presumed  to  be  competent,  the  tests  whose  results  cast  doubts  upon 
ours  had  been  made  upon  test-pieces  turned  from  the  bars  to  a  reduced 
diameter,  which  at  one  point  was  reduced  by  a  groove  to  a  much  less 
one,  as  shown  in  Fig.  1,  page  95. 

The  errors  which  arise  through  the  use  of  this  erroneously  shaped  and 
proportioned  test-piece,  have  been  frequently  pointed  out,  first  by  Kir- 
kaldy  and  subsequently  by  O.  B.  Richards,  member  American  Society 
of  Civil  Engineers ;  but  it  does  not  appear  that  even  as  yet  the  errors 
which  thus  arise  are  fully  recognized.  As  a  case  in  point,  the  following 
comparisons  of  the  strength  of  various-sized  bars  of  iron  F,  as  found 
by  our  tests,  and  as  furnished  to  the  manufacturers,  by  so-called  testers, 
will  fully  illustrate. 

This  iron  is  always  of  so  uniform  a  strength  and  quality  that  the  test 
of  one  bar  furnishes  most  valuable  evidence  as  to  the  probable  strength 
of  another. 


Strength  per  square  inch  of  iron  Ff  as  found  by,  and  as  furnished  to  the  committee. 


i 


Strength  found. 


To- 


Average. 


Strength  fnrniahed. 


To- 


Average. 


Pounds. 
46,164 

47,658 


Pounds. 
46,702 
47,871 


Pounds. 
46,446 
47,764 


40,155 


49,465 


40,623 


46,862 
48,370 
48,702 
49,144 
49,342 
48,819 


49,700 
61,300 
60,842 
51,300 
61,840 
50,000 


48,182 
49,048 
60,325 
51,221 
51, 428 
52,396 


Pounds. 
58,434 
64,759 
50,773 
58,111 
57,473 
69,440 
57,999 


Pounds. 
65,357 
60,757 
64,099 
71,025 
64,823 
67,471 
66,907 


Pounds. 
62,540 
67,236 
69,048 
63,586 
63,300 
68,850 
68,230 


Pounds. 
16,094 
9,472 


13,968 

"15,218 


12 


68,116 


75,645 


65,1)88 


66,812 


68,255 


67,062 


With  the  tabulated  statement  furnished,  the  average  tensile  strength 
of  all  sizes  combined  was  given  as  63,207  pounds,  and  the  results  from 
the  sizes  1|"  and  1|"  had  been  consolidated;  also  those  from  1£" 
and  If". 

With  experimenters,  developing  by  accident  such  a  uniformity  in  the 
average  tensile  strength  of  the  various  sizes,  it  is  not  to  be  wondered 
that  no  attention  had  been  drawn  to  the  variation  in  strength  accom- 
panying variations  in  diameter,  which  is  plainly  indicated  in  our  more 
correctly  made  experiments. 

The  broken  test-pieces  by  which  the  results  were  procured  were  shown 
to  us,  and  they  were  of  the  groove  form. 

We  determined  to  thoroughly  investigate  the  effect  upon  the  results 
which  were  due  to  variations  in  the  proportions  of  the  test-pieces.  The 
stock  of  contract  chain  iron  on  hand,  all  of  which  had  been  considered 
to  be  of  a  tensile  strength  of  at  least  60,000  pounds  per  square  inch  (the 
standard  at  that  time,  as  it  is,  or  was,  also  of  the  British  navy),  furnished 
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material  for  experiment,  and  a  number  of  comparative  tests  were  made 
by  means  of  grooved  test-pieces,  and  short  cylinders,  with  results  as 
follows: 

COMPARISON    OF    RE8ULTS    OBTAINED    FROM    CHAIN    IRON    ON    HAND,  BT  MEANS    OF 
GROOVED  TEST-PIECES  AND  SHORT,  TURNED  CYLINDERS. 

Experiments  Not.  1  to  58. 


Size. 


Dimensions  of  test» 
piece. 


4 

II 


Ko.  of  tests. 


i 


Tensile  strength 
per  square  Inch. 


Groove*  exoeed 
cylinders  by— 


I 


Appeaxanoe  of  fract- 
ure. 


In. 

1 

It 

If 

If 


if 


Square  inch. 
One-quarter. 

...do 

...do 

...do 

-do 

...do 

...do 

...do 

...do 

...do 

One-half.... 

...do 

...do 

...do 

...do 

...do 


In. 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
L20 
1.20 
1.25 
L25 
1.25 
1.25 
1.25 
L25 


Pounds. 
57,700 
56,600 
52,600 
48,000 
58,000 
52,400 
54,200 
58,400 
46,900 
55,450 
54,800 
58,400 
51,500 
50,000 
44,000 
48,200 


Pounds. 

71,530 
70,600 
65,850 
50,000 
67,400 
62,800 
67,200 
67,200 
54,500 
65,400 
66,000 
69,700 
64,000 
62,400 
58,500 
56,900 


13,830 

14,000 

13,100 

11,000 

8,500 

10,400 

13, 000 

8,800 

7,600 

9,050 

11,700 

11,300 

13,400 

11,500 

9,500 

8,700 


28.5 
24.5 
24.0 
25.0 
14.6 
20.0 
24.0 
15.0 
16.0 
18.0 
21.0 
19.0 
26.0 
22.0 
19.0 
18.0 


Fine  steely. 

Do. 

Do. 

Do. 
Coarse  granulous. 
Fibrous. 

Do. 
Coarse  fiber. 
Coarse  granulous. 
Gray  fiber. 

Do. 

Do. 
Coarse  granulous. 

Do? 

Do. 

Do. 


These  results  made  it  evident  that  the  government  had  not  received 
iron  of  such  great  tensile  strength  as  was  supposed,  and  this  was  made 
more  certain  by  the  results  procured  subsequently  by  comparative  tests 
upon  several  of  the  irons  which  make  up  our  records.  These  are  here 
given.    One  groove-test  was  made  upon  each  size. 


Experiments  Nos.  59  to  94. 

Dimensions  of 

Ultimate 

strength 

Grooves  exoeed 

test-piece. 

i 

& 

per  square  4nch. 

cylinders  by— 

Bemarks. 

1 

1 

| 

| 

I 

<& 

| 

A* 

1 

In. 

In. 

In. 

Pounds. 

Pounds. 

50,60 

c 

11} 

.864 

1.25 

2 

54.800 

47,885 

6,915 

14.5 

Strong  and  tough. 

61,62 

c 

l£ 

.864 

L20 

2 

57,700 

48,600 

9,100 

la  8 

Hard  and  coarse. 

63,64 

c 

1§ 

.564 

1.30 

2 

58,900 

56,000 

2,900 

5.0 

Do. 

66,66 

c 

l| 

.564 

L20 

2 

58,300 

62,000 

6,300 

12.1 

Do. 

97.68 

c 

l^L 

.564 

1.25 

2 

59,100 

45,800 

13,300 

20.0 

Strong  and  tough* 

69,70 

B 

111 

.800 

1.30 

2 

67,000 

61,900 

15,100 

.29.0 

Strong;  good  stock. 

71,72 

B 

l|| 

.800 

1.30 

2 

65,650 

63,600 

12,050 

22.5 

Not  enough  work. 

73,74 

J 

1* 

.800 

L30 

2 

57,800 

50,850 

6,950 

14.0 

Irregular. 

75,76 

J 

1| 

.640 

1.40 

2 

62,200 

60,300 

11,900 

24.0 

Do. 

77,78 

P 

1» 

.800 

1.20 

2 

61,000 

60,130 

11,770 

23.5 

Soft  and  ductile. 

79,80 

F 

Ik 

.564 

L30 

2 

60,620 

50,400 

10,120 

20.0 

Do. 

81,82 

L 

1« 

.800 

1.35 

2 

75,250 

68,890 

16,860 

29.0 

Steel. 

83,84 

L 

.564 

L37 

2 

74,400 

59,290 

15,110 

25.0 

Do. 

ft* 

L 

11 

.670 

L35 

2 

94,400 

75,233 

19, 167 

25.0 

Do. 

L 

]\ 

1 
2 

74,600 
66,500 
60,080 

26  5 
20.0 

Do. 

88,89 

80,000 
59,620 

13,500 
9,440 

Do. 

90,91 

E 

11 

.800 

1.80 

2 

18.0 

Tongh  and  strong. 

82,03 

K 

lk 

.564 

L30 

2 

61,080 

50,000 

11,060 

21.0 
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It  is  to  be  noticed  that  the  difference  between  the  results  obtained 
by  the  two  methods,  is  greater  in  pure  refined  iron  than  it  js  in  coarse 
material.  A  single  experiment  made  with  a  test-piece  of  each  form, 
upon  cast  iron,  confirmed  this  view;  the  difference  of  results  was  less 
than  1  per  cent,  and  the  cylinder  proved  that  much  the  stronger. 

A  series  of  experiments  was  undertaken  for  the  express  purpose  of 
enabling  us  to  decide  upon  the  correct  form  and  proportions  necessary 
in  the  test-piece,  to  insure  correct  results.  The  first  of  this  series  was 
made  upon  eighteen  test-pieces  turned  from  a  2"  bar  of  a  remarkably 
pure  refined  and  uniform  iron  (K). 

No.  1  of  this  series  was  10"  long,  and  the  length  decreased  upon  each 

successive  number  until  at  18  the  groove  form  was  reached.    The  diame- 

'  ters  were  nearly  constant,  except  in  two  cases,  where  seams  encountered 

made  it  necessary  to  turn  away  more  iron.    The'  results  are  given  in  the 

following  table: 

Experiments  Nob.  95  to  113. 


Length. 


H 


Diameter. 


Stress  when 

piece  began  to 

stretch. 


Breaking-stress. 


FT*   m 


8" 


H 
II 

m  m 


!. 

is 


Remark*. 


Inches. 
10 

? 

H 
?* 
? 
? 

4 

? 

2 

ij 

Groove 


In. 
12.81 
11.81 
10.94 
10.87 
9.875 
8.81 
7.94 
7.84 
6.90 
0.00 
5.03 
4.44 
8.80 
2.54 
1.90 
L37 
.65 


23.1 
24.8 
21.5 
22.0 
25.0 
25.8 
22.1 
22.3 
25.4 
2L2 
25.7 
26.7 
27.0 
27  0 
26.0 
87.0 
80.0 


In. 
.977 
.977 
.977 
.977 
.977 
.977 
.975 
.978 
.976 
.977 
.976 
.980 
.970 
,472 
.540 
.975 
.438 
.976 


In. 

.768 
.780 
.811 
.810 
.757 
.765 
.755 
.790 
.700 
.804 
.772 
.780 
.762 
.877 
.440 
.790 
.848 
.870 


38.2 
86.5 
3L1 
31.2 
89.9 
88.6 
40.0 
34.7 
89.8 
82.2 
37.4 
36.6 
88.3 
36.2 
34.0 
34.3 
37.0 
20.6 


Pounds 
22,250 
21,000 
22,000 
22,000 
23,150 
22,800 
21,325 
23,000 
22,050 
21,950 
22,225 
24,000 
23,000 
5,850 
9,675 
25,600 
8,675 
84,000 


Pounds 
29,678 
28,011 
29,845 
29,345 
80,840 
30,412 
28,562 
30,600 
29,475 
29,278 
29,705 
81,817 
81,123 
33,428 
42,249 
84.288 
67,565 
45,442 


Pounds 
41,150 
41,450 
41,500 
41,700 
41,150 
41,600 
88,675 
41,630 
41,400 
41,800 
41,550 
41,850 
41,425 

9,875 
13,075 
44,000 

8,950 


Pounds 

54,888 
55,286 
55,355 
55,622 
54,890 
55,488 
51,800 
55,418 
55,333 
55,887 
55,532 
55.462 
56,190 
56,428 
67,096 
58,933 
69,888 
71,800 


54.0 
61.0 
53.0 
52.7 
66.2 
64.8 
55.1 
55.2 
53.8 
52.4 
53.5 
57.8 
55.4 
59.0 
77.0 
58.2 
97.0 
63.7 


Slight! 


Slight  l 


Seamy. 
Do. 

Do. 


Nos.  13  and  18  of  the  preceding  table  are  reproduced  in  the  following 
illustration — 

Fig.  1  being  No.  18  of  the  table,  and  Fig.  2,  No.  13. 

In  Fig.  1,  the  length,  a  fc,  was  3";  diameter,  o  c,  .976". 

In  Fig.  2,  the  length,  a  fc,  was  3";  diameter,  c  c,  .970". 

The  pieces  were  nearly  the  same  in  dimensions,  yet  the  stress  at  which 
No.  13  broke,  reduced  to  the  square  inch,  was  over  15,000  pounds  less 
than  that  required  to  break  No.  18.  This  difference  would  be  very  great 
in  estimating  the  entire  strength  of  the  bar  from  the  results  of  the  two 
pieces.  Were  those  from  No.  18  correct,  the  bar  would  be  equal  to  a 
strain  of  one  hundred  tons,  while  No.  13  shows  that  less  than  seventy  nine 
tons  would  tear  it  asunder. 

Before  proceeding  to  discuss  the  tabulation  of  other  results,  obtained 
by  other  comparative  tests,  it  will  be  in  order  to  examine  the  two 
drawings,  and  see  if  the  reason  for  these  differing  results  is  not  evident, 
and  if  it  cannot  be  plainly  shown  that  the  cylindrical  form  is  correct, 
while  that  of  the  groove  is  not  so. 
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Incorrect  form. 


Correct  form. 


Fig.  1.— No.  18.  Fig.  2.- No.  13. 

[Photographed  from  iron  E.     Nob.  18  and  13  of  preceding  table.] 
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Beginning  with  Fig.  1,  if  the  stress  at  which  this  specimen  was  broken, 
were  assumed  to  be  an  equivalent  to  that  possessed  by  a  piece  of  the 
iron,  whose  diameter  and  area  were  such  as  the  measurements  give,  viz, 
diameter,  .976  of  an  inch,  with  corresponding  area  at  the  least  section, 
there  exists  no  reason  why  a  prolongation  of  this  section  to  a  short  cylin- 
der should  tend  to  lower  its  strength. 

This  prolongation  could  be  produced  by  simply  turning  away  the 
shoulders  as  c  and  b  s  o,  leaving  thus  a  cylinder,  as  shown  by  the  heavy 
dotted  line  a  b ;  and  if  the  narrow  section  received  no  support  from  the 
shoulders,  there  is  no  reason  that  the  piece  represented  by  Fig.  1  should 
possess  more  strength  at  this  narrow  area  than  that  shown  in  Fig.  2, 
whose  dimensions  are  nearly  the  same,  less  the  shoulders ;  yet  practically 
the  first  withstood  a  stress  over  14,000  pounds  greater  than  the  other. 
An  inspection  of  the  drawings  shows  the  cause.  The  stress  which  pro- 
duces rupture,  tends  to  draw  the  fibers  of  the  iron  adjacent  to  the  point 
of  rupture,  together  laterally,  until  just  before  rupture  takes  place,  the 
piece  consists  of  two  truncated  cones,  joined  at  their  narrowest  sections 
or  apices.  This  convergence  takes  place  with  all  metals,  but  is  barely 
perceptible  with  those  whose  texture  resembles  that  of  cast  iron,  is 
characterized  by  a  long,  gradual  taper,  extending  to  some  distance  from 
the  point  of  rupture  in  soft,  ductile  irons,  and  is  abrupt  and  at  times 
excessive,  in  material  of  the  nature  of  low  steel. 

When  the  grooved  form  of  test-piece  is  used,  the  tendency  of  that 
portion  of  the  metal  adjacent  to  the  least  area  to  converge  is  checked  by 
the  immediately  increasing  areas,  and  thus  the  stress  at  which  this  area 
yields,  is  equal  in  its  own  strength  plus,  a  portion  of  that  which  the  cylin- 
der, at  its  largest  area,  possesses. 

The  light  dotted  lines  in  Fig.  2  (which  have  also  been  reproduced  in 
Fig.  1)  represent  the  appearance  of  No.  13  of  the  table  after  rupture; 
and  a  close  examination  reveals  that  even  with  this  piece,  the  length  has 
not  been  sufficient  to- permit  an  interruption  to  the  process  of  contrac- 
tion and  convergence  of  the  fibers,  there  being  at  the  point  where  the 
tapering  line  is  received  by  the  clamping  head  of  the  specimen,  evidence 
that  had  the  cylinder  been  longer,  the  point  where  the  lines  of  taper 
would  have  merged  into  the  original  parallel  lines  would  have  been  some 
distance  beyond  the  junction  of  the  head  and  the  cylinder,  the  head  thus, 
to  a  certain  extent,  acting  in  the  same  manner  as  did  the  sides  of  the 
groove  in  Fig.  1,  and  thus  increasing  slightly  the  powers  of  resistance. 

By  the  table  we  see  that  this  piece  (No.  13)  did  give  higher  results 
than  those  which  were  longer ;  the  average  tensile  strength  developed  by 
Nos.  2,  3,  4,  6,  9, 10, 11,. and  12,  being  55,488  pounds  per  square  inch, 
while  No.  13  gives  56,190  pounds,  an  excess  of  751  pounds,  thus  suggest- 
ing that  the  length  of  this  piece,  viz,  three  inches,  was  not  sufficient  to 
insure  correct  results. 

No.  12  gives  a  result  much  closer  to  the  averages,  as  do  Nbs.  11  and  10. 

Assuming  that  the  proper  length  should  be  a  certain  percentage  of 
the  diameter,  we  find  No.  13,  which  is  less  than  four  diameters  in  length, 
is  not  long  enough;  No.  12, of  about  four  diameters,  gives  correct  results. 

It  was  considered  that  the  data  obtained  by  this  experiment  would 
possess  more  value,  if  we  were  sure  that  the  differences  in  results,  were 
in  all  cases  due  to  differences  in  length,  and  not  in  any,  to  possible  dif- 
ferences in  the  characteristics  of  the  iron,  at  the  points  where  the  test- 
pieces  were  cut  from  the  bars. 

It  was,  of  course,  impossible  to  test  the  same  piece  by  both  methods 
and  thus  obtain  certainty ;  but  it  was  possible  to  eliminate,  to  a  great 
extent,  errors  which  might  arise  from  this  cause,  by  the  preparation  of  a 
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set  of  test-pieces  varying  in  length,  but  from  between  each  pair  of  which 
others  should  be  cat  which  should  be  of  uniform  dimensions. 

From  a  bar  1-H  of  an  inch  in  diameter,  of  the  same  iron,  another  set 
of  test-pieces  was  therefore  prepared  in  this  manner,  nine  of  nearly  uni- 
form proportions,  being  alternated  with  nine  others,  of  which  the  length 
successively  decreased.  The  pieces  were  cut  from  the  bars  as  numbered, 
No.  2  having  been  adjacent  to  No.  1,  &c. 

In  a  few  cases  seams  were  encountered,  which  forced  us  to  reduce  the 
diameter  below  that  of  pieces  in  which  none  occurred. 

7  T  M 
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The  first  six  of  the  test-pieces  were  carefully  tested  for  the  elastic 
limit,  with  the  following  results : 

No.  1.  No  perceptible  change  at  26,595  pounds  per  square  inch ;  at 
26,795  pounds  elongated  .005",  and  reduced  .004". 

No.  2.  No  change  at  27,994  pounds;  at  28,194  pounds  elongated  .030", 
and  reduced  .002". 

No.  3.  At  28,062  pounds  elongated  .002",  and  reduced  .003". 

No.  4.  At  28,275  pounds  elongated  .032",  and  reduced  .002". 

No.  5.  At  27.268  pounds  elongated  .003",  and  reduced  .001". 

No.  6.  At  27 '820  pounds  elongated  .015",  and  reduced  .003". 

The  stress  which  produced  the  first  perceptible  stretch  with  the  above 
pieces  was  upon  an  average  of  27,539  pounds,  while  the  average  of  the 
elastic  limit,  by  careful  test,  was  26,058  pounds,  thus  differing  but  1,481 
pounds. 

Analysis  of  this  table  shows  that  the  bar  throughout  its  length  was 
of  very  uniform  strength ;  the  extreme  difference  between  any  two  of 
the  pieces  of  uniform  length  being  but  758  pounds  per  square  inch,  and 
the  average  of  the  nine  (52,395  pounds)  being  very  close  to  each  indi- 
vidual result 

No  marked  difference,  due  evidently  to  the  proportions  of  the  test- 
piece  alone,  is  observable  with  the  pieces  which  varied  in  length,  until 
No.  17,  which  was  but  one-half  inch  long,  was  reached.  At  this  point 
the  difference  between  it  and  the  uniform  pieces  on  each  side  of  it  is 
about  5,000  pounds  per  square  inch. 

Thus  we  obtained  but  little  additional  information  as  to  the  tensile 
strength,  but  in  the  matter  of  elastic  limit  we  gain  points  of  interest. 
We  find  that  in  the  two  ends  of  the  bar  there  was  in  this  respect  con- 
siderable difference.  Nos.  2,  4,  6,  8, 10,  and  12,  all  pieces  of  uniform 
length,  gave  an  elastic  limit  of  28,485  pounds  per  square  inch,  none 
vailing  greatly,  such  variations  as  existed  indicating  that  the  end  from 
which  No.  1  was  cut  had  a  lower  limit  than  the  other,  No.  2  developing 
28,000  pounds,  and  No.  12,  28,800,  the  increase,  however,  on  the  inter- 
mediate numbers  being  irregular.  Nos.  14, 16,  and  18,  however,  ranged 
from  31,800  to  33,580,  averaging  32,353  pounds. 

The  first  six  pieces  which  varied  in  length,  viz,  Nos.  1,  3,  5,  7,  9,  and 
11,  gave  an  elastic  limit  of  27,980  pounds,  differing  thus  but  a  little  from 
that  developed  by  the  uniform  pieces. 

At  No.  13,  as  at  14,  a  rise  in  the  elastic  limit  was  noticeable,  but  in 
only  one  case  (No.  17)  was  the  variation  sufficient  to  indicate  that  the 
shortness  of  the  specimen  had  an  influence.  The  ratios  between  the 
elastic  limit  and  the  ultimate  strength  increased  both  with  the  uniform 
test-pieces  and  those  varying  in  length,  and  thus  the  results  indicate 
that  at  that  portion  of  the  bar  there  was  a  slight  change  in  its  character. 

It  was  considered  that  it  was  possible  that  the  bar  having  been  rolled 
in  midwinter,  in  a  cold  climate,  the  difference  of  the  temperature  which 
probably  existed  between  that  at  the  end  of  the  bar  farthest'from  the 
rolls  and  the  one  nearest  to  them,  and  in  which  the  two  ends  were  cooled 
at  different  degrees  of  rapidity,  might  have  affected  an  iron  so  fine  in  its 
nature.  Subsequent  experiments,  however,  on  iron  which  it  was  known 
had  been  so  exposed  failed  to  detect  any  marked  difference  between  the 
two  ends  of  the  bars  that  could  be  surely  attributed  to  this  cause. 

This  experiment  was  as  follows :  At  the  time  of  rolling  the  bars  of  iron 
P,  second  lot,  the  temperature  in  the  open  air  was  below  30°;  the  bars 
were  rolled  about  40  feet  long;  the  ends  which  passed  first  into  the  rolls 
were,  while  the  bars  were  cooling,  about  3  feet  from  a  raised  door,  and  the 
temperature  of  this  point  was  about  31°;  the  inner  ends  of  the  bar  were 
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cooled  iii  a  temperature  of  60°  or  65°.  It  was  thought  possible  that  the 
difference  in  temperature  in  which  the  two  ends  cooled  might  produce 
some  effect,  hence  a  piece  from  each  end  of  each  bar  was  tested,  three 
tests  upon  each  piece.  The  record  is  given  in  detail  in  the  record  of 
bars ;  here  it  is  but  necessary  to  give  the  results,  which  so  far  as  this 
question  is  concerned  decided  nothing  positively. 

Elastic  limit  and  tensile  strength  of  the  two  ends  of  bars  of  iron  F cooled  in  temperatures  of 
30°  to  65°  Fahrenheit,  respectively. 


Elastic  limit  per 
square  inch. 


Excess. 


Tensile  strength  per 
square  inch. 


Exoess. 


Reduced 
area-. 


Elongation. 


In. 

1 

n 

li; 

1-f 

1 

1 

1 

1 

2 


Lbt. 

41,333 

32, 078 

37,060 

35,051 

35,060 

36,754 

35,000 


81,184 


2 
© 


* 


Lbt. 
86, 033 
32, 224 
31,860 
38, 550 
33,552 
31,  014 
34, 741 


Lbt. 

5,300 

754 

5,200 


1,514 

4,840 

310 


33,161 


I 


Lbt. 


1,608 


1,077 


Lbt. 

51,232 

50,456 

40,846 

40, 702 

49,342 

40, 614 

40, 330 

48.550 

48,459 


1 


1 


i 


Lbt. 
51, 250 
50,178 
50, 328 
40, 120 
40,015 
40, 740 
40. 628 
48,058 
47, 048 


Lbt. 

Lbt. 

307 

278 

482 

636 

573 

06 

...  .... 

280 

408 

1,411 

Pr.ct:  Pr.ct 
4.0 
1.7 


0.5 
4.5 


0.7 
"2*8 


Pr.ct. 
1.0 


1 

O 


Pr.ct. 


0.7 


3.1 


1.5 
0.4 


0.5 


5.2 
0.5 


2.3 


If  the  results  obtained  indicate  more  than  accidental  variations,  it  is 
that  the  limit  of  elasticity  was  higher  in  the  end  slowly  cooled,  and  that 
the  tensile  strength  was  somewhat  lower. 

The  reduced  area  and  per  cent,  of  elongation  are  compared  at  the  ten- 
sile limit,  the  pieces  having  been  finally  broken  by  different  methods. 

So  far  as  their  evidence  can  be  considered  valuable,  it  indicates  that 
the  end  which  was  slowly  cooled  was  generally  more  ductile  than  the  end 
which  cooled  rapidly. 

If  on  future  experiments  results  are  found  which  confirm  those  ob- 
tained by  this  set,  they  will  have  a  new  value j  as  it  is,  they  are  not  to 
be  perfectly  depended  upon  as  deciding  anything. 

The  experiments  up  to  this  point  having  established  to  our  satisfac- 
tion that  in  order  to  procure  correct  results  it  was  requisite  that  a  test- 
piece  should  be  not  less  than  four  times  its  diameter  in  length,  the 
question  now  arose  whether  variations  in  this  basis,  the  diameter,  would 
produce  important  differences  in  results.  To  solve  this,  two  sets  of  test- 
pieces  were  prepared  from  a  bar  of  1£"  iron  K,  in  this  manner : 

One  set  consisted  of  seven  pieces,  the  first  one  of  which  was  4"  in 
length  and  1"  in  diameter;  each  successive  piece  was  reduced  to  a  diam- 
eter less  than  that  of  its  predecessor  by  .1",  and  the  length  cut  equal 
to  four  times  the  diameter,  No.  7  thus  being  of  .4"  diameter  and  nearly 
1".G  in  length. 

The  other  set  consisted  also  of  seven  pieces,  of  which  No.  1  was  of  the 
same  dimensions  as  No.  1  of  the  first  set;  the  remainder  of  the  pieces 
were  made  successively  decreasing  in  diameter  as  in  the  first  case,  but 
the  length  remained  the  same  throughout,  viz,  4",  except  in  case  of  No. 
7,  which  was,  through  accident,  a  trifle  shorter.  The  two  sets  were  cut 
from  the  bar  in  the  followiug  order:  No.  1  of  first  set,  No.  1  of  second, 
No.  2  of  first,  No.  2  of  second,  &c;  thus  the  same  number  iu  both  tables 
indicates  udjacent  portions  of  the  bar. 


TESTS   OF   METALS. 


101 


The  results  of  the  tests  are  given  in  the  following  tables: 

Experiment*  No.  133  to  147. 
Material,  Iron  K ;  Diameter  of  Bar,  1}". 

FIRST  SET. 

[Test  of  seven  pieces,  successively  decreasing  in  length  and  diameter,  each  piece  being  (approximately) 

four  diameters  long.] 


Number. 


Length  in 
inches. 


Diameter  in 
inches. 


Stress  when  piece 
began  to  stretch. 


5* 


Ultimate 


I 


a 
s 
3 

I 


a 
I- 


2 
3 

4 
5 
6 

7 


3.96 
3.54 

a  20 

2.77 
2.38 
1.95 
1.56 


5.07 
4.54 
4.15 
3.54 
3.04 
2.52 
L92 


27.4 
28.0 
30.0 
28.0 
27.8 
30.0 
23.0 


.900 
.800 
.710 
.001 
.501 
.400 


.770 
.604 
.625 
.554 
.470 
.388 
.301 


41.2 
40.5 
38.9 
39.1 
38.8 
40.0 
43.0 


Pounds. 
21,850 
19,000 
15, 152 
12,  000 
9,250 
7,  225 
*6, 575 


Poundt. 
27,078 
29,809 
30, 143 
30, 310 
32,616 
36,656 
*52,348 


Pounds. 
42. 475 
35,000 
27,350 
22,225 
15, 725 
11,000 
7,475 


Pounds. 
53,688 
55,023 
54,800 

56,138 
55,448 
56,809 
59,514 


51.5 
54.3 
55.4 
54.0 
58.8 
65.7 
88.0 


*  Probably  an  error. 

SECOND  SET. 
(2)  [Test-pieces  constant  in  length  (4"),  diameter  diminishing  by  A",  test-pieces  from  same  bar.] 


1 
2 
3 
4 
5 
6 
7 


8.96 

5.17 

30  0 

1.004 

.760 

42.7 

22.999 

29,051 

42,825 

53.461 

8.98 

5.06 

27.1 

.901 

.707 

38.0 

20, 250 

31, 705 

35, 000 

54,902 

3.98 

5.05 

27.0 

.800 

.  .600 
'  .544 

43.7 

14, 552 

28.04P 

27,175 

54,067 

3.98 

4.97 

25.0 

.705 

40.5 

11,650 

29.849 

21,225 

M.881 

3.97 

5.00 

26.0 

.601 

.458 

41.9 

9,600 

83,  a>i 

15, 625 

55,096 

3.95 

5.00 

26.6 

.500 

.381 

42.0 

6,100 

31, 075 

10, 7:>5 

54,636 

3.65 

4.47 

22.5 

.403 

.285 

46.4 

4,400 

34,509 

6,775 

53,187 

54.4 
58.0 
53.5 
55.0 
61.4 
50.8 
65.0 


A  specimen  from  the  same  bar  was  also  carefully  tested  for  the  elastic 
limit,  which  was  found  to  be  at  28,664  pounds  per  square  inch,  at  which 
stress  it  had  permanently  elongated  from  3".649  to  3".575,  and  had  re- 
duced in  diameter  from  .977"  to  .675",  the  elongation  before  the  relax- 
ation of  the  stress  being  .003"  and  the  reduction  of  diameter  .002" 
greater. 

Analysis  of  the  results  in  the  first  set  shows  that  as  the  dimensions  of 
the  test-piece  decreased,  there  was  a  constant  increase  in  the  elastic 
limit  and  an  irregular  increase  of  the  tensile  strength,  which  must  have 
been  due  either  to  the  decreasing  length,  decreasing  diameter,  or  to 
changes  in  the  character  of  the  material. 

The  second  set  of  test-pieces,  through  some  inexplicable  cause,  proved 
very  irregular,  in  comparison  with  the  others  cut  from  the  same  bar,  so 
much  so  that  their  record  is  of  no  great  value  in  an  investigation  where 
so  much  deduction  depends  upon  very  slight  facts.  The  largest  and 
smallest  pieces  were  more  alike  in  their  tensile  strength  than  were  any 
of  the  intermediate  sizes. 

The  elastic  limit  rose  irregularly  as  the  diameter  decreased,  showing 
a  gain  of  about  5,000  pounds  between  the  extremes. 

It  was  thought  advisable  to  search  further  and  see  if  this  would  always 
prove  the  case.  Four  other  test-pieces  were  prepared  from  a  2"  bar  of 
iron  P,  two  of  which  were  made  as  large  as  we  could  break  with  safety, 
and  the  others  as  small  as  could  be  trusted  for  accurate  results.  They 
were  tested  with  results  which  did  not  confirm  the  action  of  the  previous 
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set  as  regards  the  elastic  limit,  as  with  these  the  larger  pieces  developed 
slightly  higher  elastic  limit  than  the  small  ones,  but  fully  confirmed  the 
results  as  to  the  smaller  test-piece  indicating  the  greater  tensile  strength. 

Experiments  tfos.  148  to  152. 

Material,  Iron  P;  Diameter  of  Bar  2". 

[Test-pieces  of  different  diameters  and  of  length  equal  to  six  diameters.] 


Diameter. 


Length. 


First  stretch. 


Contraction 
of 


Per  oent  of 
elongation. 


Ultimate 


i 


1 

5 


1 


H 


In. 
1.238 
L245 
.605 
.498 


In. 
1.063 
1.068 
.425 
.421 


In. 
.681 
.787 
.327 
.328 


In. 

7.4 

7.4 

2.00 

2.90 


In.  In. 

0.37  9.86 

0. 37  0. 80 

3. 61  3. 81 

3.84  4.02 


Lbs. 

37,425 

38,300 

5,000 

6,500 


Lbs. 
31,000 
31,700 
30,575 


Pr.et. 
26 
26| 
28 
28| 


Pr.eL 
60 

81 

67 


2? 
23 

21 


20 

20 

28* 

33 


Lb$. 
67,460 
67,630 
60,000 
69,800 


Lbs. 

49,542 

49,404 

49.924 

49,820 


The  difference  in  results  obtained  is  not  so  great  as  to  be  of  value, 
were  it  not  that  what  little  there  is,  confirms  the  views  already  expressed 
that  in  obtaining  the  tensile  strength,  we  are  liable  to  rate  that  of  a  large 
bar  at  too  high  a  figure  if  we  depend  upon  the  results  obtained  from  a 
test-piece  which  represents  the  character  of  the  core  and  not  that  of  the 
entire  bar,  the  iron  being  strongest  at  the  centre. 

The  difference  in  tensile  strength  is  more  marked  at  the  "  tensile  limit" 
than  at  fracture,  at  which  point  the  smaller  test-piece  not  only  showed 
greater  strength,  but  also  greater  elongation  and  reduction  of  area. 

All  of  the  tests  in  this  investigation  having  been  made  upon  iron  with 
considerable  tensile  strength,  it  was  thought  advisable  to  make  one 
more  experiment  with  a  bar  of  very  soft  and  ductile  iron. 

A  2"  bar  was  selected,  which,  although  of  low  tensile  strength,  was 
very  tough  and  ductile. 

From  this  nine  test- pieces  were  turned  of  lengths  from  8"  down  to  the 
grooveform,  each  successive  piece  being  nearly  1"  shorter  than  its  pre- 
decessor, and  all  being  of  nearly  uniform  diameter.  They  were  tested 
with  the  following  results: 

Experiments  Nos.  153  to  162. 
[To  determine  necessary  proportions  with  very  soft  iron  (D).] 


Diameter. 


S 


Redaction 
of  area. 


Length. 


Per  cent, 
elongation. 


Ultimate  stress  per 
square  inch. 


3 
I 


In. 

1.000 

999 

1.000 

999 

098 

1.000 

1.001 

1.000 


In. 


880 
881 
881 
853 
863 
849 


Pr.cL 


27.0 
22.5 
22.2 

22*3 
25.6 
280 


Pr.cL 
52.0 
54.3 
50.3 
50.9 
63.1 
50.3 
51.0 
48.4 
17,0 


I 


In. 

8.00 
7.00 
5.82 
4.90 
3  95 
2.98 
1.98 
.975 
Groove 


In. 
9.63 
8.82 
7.18 
6.04 
5.02 
3.70 
2.41 
1.25 


In. 
10.25 
0.09 
7.57 
6.42 
5.33 
4.05 
2.78 
L42 


20.3 
20.0 
23.2 
23.3 
27.8 
24.3 
21.9 
22.0 


28.0 
29.8 
29.9 
31.0 
35. 0 
36.1 
40.4 
45.2 


Lb*. 
28,610 
30,000 
26,700 
28,000 
26,588 


28,000 
28,200 
48,000 


Lbs. 
45,800 
45,930 
45,995 
45,768 
40,561 
46,759 
46,734 
47. 033 
61,023 


Lb*. 

62,992 
59,396 
58,850 
59,740 
60,244 
62,874 
66,813 


Lb*. 
95,373 
100, 614 
I  92,818 
03,230 
99,413 
94,070 
95,569 
93,455 
73,687 


62.5 
62.1 
58,2 
59.4 
57.1 

60*0 
58.4 
78.7 
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The  results  indicate  that  with  iron  of  this  character  a  length  equal  to 
four  diameters  is  not  quite  sufficient  to  insure  accurate  results. 

No.  5,  which  was  nearly  four  diameters  in  length,  gave  a  tensile 
strength  greater  by  689  pounds  per  square  inch  than  was  developed 
by  Nos.  1,  2,  3,  and  4,  which  were  very  uniform,  No.  4  being  five  diame- 
ters in  length  and  long  enough.  No.  6,  of  three  diameters,  gave  still 
higher  results,  which  were  not  subsequently  increased  as  the  length 
lessened  until  the  groove  form  was  reached,  when  there  was  a  sudden 
rise  of  over  13,000  pounds,  a  difference  equal  to  33  per  cent,  of  the 
actual  strength. 

Finally,  our  results  lead  us  to  the  conclusion,  that  in  testing  iron, 
no  test- piece  should  be  of  less  than  \"  diameter,' as  inaccuracy  is  more 
probable  with  a  small  than  with  a  large  piece,  and  the  errors  are  more 
increased  by  reduction  to  the  square  inch;  that  the  length  should  not 
be  less  than  four  times  the  diameter  in  any  case,  and  that  with  soft, 
ductile  metal  five  or  six  diameters  would  be  preferable. 

These  rules  hold  good  in  testing  steel  also,  as  may  be  seen  by  the 
appended  results,  which  have  been  submitted  by  the  committee,  of  tests 
made  upon  Bessemer  steel,  which  results  are  confirmed  by  those  obtained 
by  Colonel  Wilmot  at  the  Woolwich  Arsenal,  made  also  upon  Bessemer 
steel,  which  we  quote,  as  follows: 

Pounds 
per  square  inch. 

Material,  Bessemer  steel;  test  pieces  of  one  square  inch 
area. 

By  groove  form:  Highest  tensile  strength 162,974 

Lowest  tensile  strength 136,490 

Average  tensile  strength 153,677 

By  cylinder:         Highest  tensile  stren^h 123,165 

Lowest  tensile  strength 103,255 

Average  tensile  strength 114,460 

The  grooved  thus  exceeding  the  cylinder  form  32  to  34  per  cent. 
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COMPARATIVE  STRENGTH  OP  BARS  IN  THEIR  NORMAL  CONDITION  AND 
AS  REDUCED  BY  TURNING  AWAY  THE  SKIN  AND  ADJACENT  IRON. 

A  few  tests  were  made  by  tension  for  the  double  purpose  of  ascertain- 
ing if  the  strength  per  square  inch  of  iron  bars,  with  or  without  the  skin, 
would  prove  the  same,  and  to  compare  the  results  obtained  by  the  two 
testing-machines  A  and  B. 

The  first  series  was  made  upon  a  number  of  bars  of  our  most  uniform 
iron,  one  which  had  received  very  thorough  work.  The  detailed  history 
of  these  tests  is  given  in  the  "  Becord  of  bars,"  from  which  an  abstract 
will  be  here  inserted,  which  will  show  simply  their  relative  strength  as 
tested  by  test-pieces  which  were  reduced  to  various  extents,  and  by 
others  which  were  not  so  reduced. 

Comparison  of  strength  of  bars  tested  by  tension  in  their  normal  condition,  as  slightly  reduced, 

and  as  reduced  to  cylinders. 

ntoxF. 


8BCOHD  LOT. 

TBIBD  LOT. 

i 

Strength  per  square  inoh. 

Strength  per  square  inch. 

1 

Ban  not  re- 
duced. 

Bars  reduced 
slightly. 

Bars  reduced 
to  cylinders. 

Bars  not  re- 
duced. 

Bars  reduced 
slightly. 

Bars  reduced 
to  cylinders. 

In. 

1 

Pounds. 
52,819 
52,267 
52,620 
52,537 
51,456 
50,970 
49,738 
49,061 
47,569 

Pounds. 
52,810 
51, 675 
51,949 
50,403 
50,799 
49,605 
50,201 
49,682 
48,170 

Pounds. 
51,380 
50,317 
50,087 
49,444 
49,G28 
49,642 
49,483 
48,754 
47,774 

Pounds. 
51,921 
50,149 
52,729 
52,839 
60,820 
50,529 
50,457 
49,744 
47, 872 
48,505 
47,344 

Pounds. 

Pounds. 
51, 128 

u 

50,530 

ll 

49,801 

1§ 

48,819 

u 

51,838 

l] 

49,144 

li 

48,702 

if 

40, 370 

2 

49,164" 

48.475 

48,280 
40,290 

2* 

47,  428 

<2 

46, 440 

3 

47,  761 

47, 014 

81 

47,000 

8§ 

46,667 

4 

46,322 

Which  results,  being  grouped,  show  that  in  the  second  lot,  in  which 
there  were  nine  comparative  tests — 

The  rough  bar  exceeded  the  turned  in  strength  in  seven  cases. 

The  rough  bar  exceeded  the  cylinder  in  strength  in  eight  cases. 

The  turned  bar  exceeded  the  rough  in  strength  in  two  cases. 

The  turned  bar  exceeded  the  cylinder  in  strength  in  eight  cases. 

By  the  eleven  comparative  tests  of  rough  bars  with  cylinders  of  the 
third  lot— 

The  rough  exceeded  the  cylinder  in  six  cases. 

The  turned  bar  exceeded  the  rough  in  two  cases. 

It  will  be  noticed  that  the  preponderance  of  the  ca  ses  where  the  strength 
of  the  reduced  bars  exceeded  that  of  the  rough  ones,  occurred  with  the 
bars  of  great  diameter,  that  with  one  exception,  the  strength  of  the 
bars  of  less  than  2"  diameter,  as  shown  by  the  test  of  the  cylinder, 
was  less  than  that  shown  by  test  of  entire  bars,  and  that  in  case  of  the 
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2">  2i">  an<*  2£"  the  reverse,  was  the  case.  This  may  indicate  that  the 
core  of  these  larger  bars  was  less  heated  in  the  furnace  than  the  rest  of 
the  bar,  hence  retained  more  strength. 

A  number  of  tests  in  the  same  connection  were  made  upon  bars  of 
other  irons,  with  results  as  follows : 

Consolidation  of  results  from  226  tests  by  tension  upon  test-pieces,  with  and  without  skin, 
showing  preponderance  of  strength  in  favor  of  the  bar  in  normal  condition. 

TESTING-MACHINE  A. 


Number  of 


Tensile  strength 
per  square  inch- 


Excess  of 
strength. 


I- 

1 


D 

D 

D 

D 

C 

C 

E ..... 

C 

E 

E 

E 

E 

E 

E 

Hammered 
Hammered 
Hammered 
Hammered 


In. 


Lbs. 

51,238 

51, 127 

52,156 

51,275 

49,678 

49,095 

51,499 

51,730 

51,606 

51,944 

65,415 

52,255 

63,894 

53,098 

52,570 

56,818 

57,280 

55,642 


Lbs. 

49,419 

60,383 

53,347 

51,271 

49,735 

48,726 

51,895 

49,044 

51,740 

60,844 

65,409 

51,848 

63,809 

63,497 

62,424 

64,143 

65,021 

65,805 


Lbs. 

Lbt. 

1,814 

744 

4 

83 

1.191 

869 

396 

2,695 



isi 

1,100 

6 

412 

685 

899 

146 

2,675 

2,259 

263 

20 


20 


UPON  IBON  F,  ALBEADY  TABULATED. 


49 


18 


62,819 
52,267 
52,620 
52,537 
51,456 
50,070 
40,738 
49,061 
47,669 
48,505 
47,314 


62,810 
61, 675 
51,949 
60,403 
60,799 
40,606 
50,201 
40,682 
48,170 
49,164 
48,475 


671 
2,134 

667 
1,865 


463 
621 
601 
659 
1,131 


TESTING-MACHINE  B. 


c 

,< 

1 
1 

i* 

1 

4 

3 
6 
5 
6 
3 
4 
8 
4 
3 
6 
6 
3 
8 
3 
8 
3 

8 
3 
5 
6 
4 
8 
3 
4 
4 
3 
5 
5 
1 
1 
1 
1 
1 

52,049 
54.076 
65,725 
58,496 
53,600 
62,269 
61.945 
60,406 
52,155 
52,645 
57,257 
55,644 
50,716 
51,969 
52.032 
53,755 

52,796 
53,103 
55,311 
62,813 
52,428 
60,636 
62,156 
69,696 
51,547 
51, 540 
67,668 
54,964 
60,374 
60,276 
61, 431 
52,775 

153 
973 

414 

*"i,"i72* 

1,738 

"""770* 

608 

1,105 

"""oso 

342 
603 
601 
980 

c 

c 

c 

4,317 

D 

K 

K 

211 

P,  first  lot 

P,  first  lot 

F,  first  lot 

: 

1 
• 

411 

P,  first  lot 

P,  third  lot 

71 

63 
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Iii  case  of  the  £"  bars  of  iron  0,  of  which  the  tamed  so  greatly 
exceeded  the  rough  in  strength,  there  is  some  reason  to  suspect  that 
a  piece  of  the  bar  of  iron  K  was,  by  mistake,  substituted  for  that  of  C. 
In  the  case  of  iron  K,  where  the  turned  exceeded  the  rough  bar,  the 
threads  of  the  latter  stripped. 

The  evidence  accumulated  indicates  that  the  strength  of  the  skin  of 
the  bar  is  greater  in  proportion  to  its  area  than  that  of  the  rest  of  the 
bar. 

In  making  the  foregoing  tests,  we  find  that  in  sixteen  comparative 
tests  of  small  bars  by  testing-machine  B,  and  in  thirty  comparative  tests 
upon  larger  bars  by  testing-machine  A,  making  forty-six  in  all,  in  thir- 
teen cases  of  the  former  and  twenty  of  the  latter,  thirty -three,  or  over 
72  per  cent  of  the  excess  of  strength,  occurred  with  bars  in  their  normal 
condition. 

With  iron  F,  which  was  so  uniform  in  its  structure  that  any  peculiarity 
which  manifested  itself  by  any  particular  test  seemed  to  indicate  a  pos- 
sible law,  we  find  that,  with  the  bars  which  received  the  most  work,  viz, 
from  1"  to  If",  inclusive,  the  rough  bars  were  stronger  than  the  turned ; 
above  1§"  the  more  slightly  worked  sizes  reversed  the  proportion.  If 
this  result  can  be  accepted  as  indicative,  it  would  be  wise  in  estimating 
the  entire  strength  of  a  large  bar  by  the  data  afforded  by  the  test  of  a 
cylinder  turned  from  its  center  to,  as  has  already  been  said,  consider  it 
probable  that  an  overestimate  would  be  made ;  for  instance,  the  strength 
of  the  2{"  bar  was  by  actual  test  192,861  pounds  of  the  entire  bar,  by 
test  of  turned  bar  195,481  pounds,  by  test  of  cylinder  195,981  pounds, 
showing  a  possible  overestimate  of  3,120  pounds  by  use  of  a  cylinder 
turned  from  the  core. 


SECTION  IV. 

ELEVATION  OF  THE  LIMIT  OF  STRESS. 

A  PAPER  DESCRIBING  A  SERIES  OF  EXPERIMENTS  TO  DETERMINE 
FACTS  IN  REGARD  TO  THE  OPERATION  OF  THE  LAW  GALLED  THE 
ELEVATION  OF  THE  LIMIT  OF  STRESS. 

The  discovery  that  wrought  iron,  after  having  been  subjected  to  a 
steady  stress  up  to  the  point  of  its  ultimate  strength,  would,  if  then 
released  from  stress  and  permitted  to  rest,  experience  an  elevation  in 
both  its  elastic  and  tensile  limit,  was  made  by  Prof.  Robert  H.  Thurston 
in  November,  1873,  and  by  the  chairmen  of  these  committees  a  short 
time  afterward  while  carrying  on  an  investigation  by  tension,  Professor 
Thurston  having  made  his  discovery  by  torsion  tests ;  the  discoveries 
were  entirely  independent,  neither  experimenter  having  any  knowledge 
of  the  other's  work. 

As  at  the  beginning  of  the  series  of  tests  incorporated  in  this  report, 
but  little  data  had  been  obtained  as  to  the  operation  of  this  new  law,  it 
was  thought  worth  while  to,  while  making  investigations  in  regard  to 
chain  iron,  utilize  at  slight  expense  many  of  the  test-pieces,  in  investi- 
gating its  action.  By  bringing  a  test-piece  to  the  tensile  limit  all  data 
as  to  its  strength  is  obtained;  and  by  carryiug  the  test  to  rupture,  we 
gain  simply  the  dimensions  after  rupture,  and  means  to  reduce  the 
strength,  &c,  to  those  measurements. 

We  therefore  released  a  number  of  test-pieces  from  stress  when  the 
tensile  limit  was  reached,  and,  preserving  them  for  various  periods, 


108  TESTS   OF   METALS. 

eventually  broke  them,  with  results  as  given  in  the  following  paper,  from 
which  the  following  abstracts  bearing  upon  this  phenomena  are  taken, 
and  in  addition  the  results  of  a  few  experiments,  which  are  not  incorpo- 
rated in  the  records  of  bar  tests,  attention  having  been  paid  only  to  the 
elevation  of  strength. 

It  seems  proper  that  the  record  of  the  first  experiment,  during  which 
this  phenomena  was  ever  noticed  as  taking  place  upon  iron  subjected 
to  tevmonj  should  be  given  here,  although,  except  that  it  records  the  dis- 
covery of  the  law,  the  data  has  but  little  value  when  compared  with 
some  of  the  later  more  carefully  made  experiments. 

Prof.  Spencer  F.  Baird,  to  whom  the  experimenter  furnished  a  copy 
of  the  record,  considered  the  discovery  of  importance,  as  did  Professor 
Henry,  and  the  former  sent  it  to  the  Journal  of  the  Franklin  Institute, 
which  issued  it  in  the  following  editorial  in  its  issue  of  March,  1874. 

[EditoriaL] 
INCREASE  OF  RESISTING  POWER  OF  METALS  UNDER  STRESS. 

In  our  issue  of  December  lost,  p.  374,  we  announced  the  discovery,  mode  a  few  weeks 
earlier — at  the  time  of  the  meeting  of  the  National  Academy  of  Science  at  the  Stevens 
Institute  of  Technology — by  Prof.  R.  H.  Thurston,  of  a  gain  in  power  of  resistance 
in  metals  left  under  stress  during  periods  varying  from  one  to  several  days. 

The  formal  announcement  of  this  remarkable  and  important  phenomenon  was  made 
to  the  American  Society  of  Civil  Engineers  in  November,  and  appeared  simultaneously 
in  the  transactions  of  that  society  and  in  this  journal. 

We  have  lately  received,  through  the  kindness  of  Professor  Baird,  a  memorandum 
relating  to  experiments  made  January  27  and  28, 1874,  by  Commander  Beardslee,  which 
exhibit  a  similar  action. 

The  experiment  of  Professor  Thurston  were  made  with  his  "  autographic  tosting- 
machine  "  *  upon  a  variety  of  metals ;  those  now  presented  were  made  by  the  ordinary 
form  of  tensile  lever  machine. 

This  memorandum  is  as  follows : 

Test  of  Bloom  iron,  turned  to  the  diameter  T^ths  (nearly) =  +  square  inch  section,  January, 

1874. 

"Lever  ceased  to  rise  at  24,300  pounds.  It  was  then  balanced  by  deducting  1,225 
pounds,  and  left,  with  a  balancing  strain  of  23,075  pounds,  from  2  p.  m.,  January  27, 
till  7  a.  m.,  January  28,  when  it  was  found  that  the  lever  had  raised,  ana  it  took  125 
pounds  to  rebalance  it. 

'*  The  strain  was  then  put  on  gently,  and  the  lever  continued  to  rise  until  it  reached 
28,250  pounds,  when  it  ceased  to  rise  and  sank.  We  balanced  the  lever  at  this  point  by 
deducting  2.150  pounds  straiu. 

14 Limit  of  E.,  27th,  24,300;  balanced  at  23,075  pounds. 

"  Limit  of  E.,  28th,  28,250;  balanced  at  26,100  pounds." 

In  Professor  Thurston's  note  to  the  American  Society  of  Civil  Engineers,  he  states 
the  increase  of  resisting  power  noted  at  a  maximum  of  25  per  cent,  in  twenty-four 
hours. 

The  increase  observed  in  the  specimens  just  referred  to  is  100  (26,100—23,075)  H- 
23,075  =  13.1  per  cent,  in  seventeen  hours. 

The  interest  and  importance  attaching  to  the  discovery  of  these  facts  to  the  engin- 
eering profession,  as  well  as  to  science,  make  it  eminently  desirable  that  still  further 
researches  should  be  made  on  the  effect  of  prolonged  stress,  compression  as  well  as 
tensional,  and  with  every  variety  of  material. 

We  would  call  particular  attention  to  the  fact  that  the  action  here  noted  is  not 
merely  a  negative  one,  as  observed  by  the  original  discoverer,  but  is  apparently  not 
only  an  increase  of  power  of  resistance,  but  an  actual,  positive  increased  molecular 
effort,  as  is  shown  by  the  rise  of  the  lever  during  the  period  of  rest  in  Commander 
Bearaslee's  experiment. 

♦Journal  of  the  Franklin  Institute.    April,  1873. 
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The  same  editorial  makes  reference  to  the  discovery  of  the  law  by 
Professor  Thurston,  as  follows  : 

A  Note  on  the  Resistance  op  Materials.— By  Prop.  Robert  H.  Thurston.— 
The  following  is  the  text  of  the  communication  of  Professor  Thurston  to  the  Ameri- 
can Society  of  Civil  Engineers,  on  the  subject  of  certain  unexpected  results  mani- 
fested by  metals  under  strain,  to  which  reference  was  made  in  the  Journal  (Vol.  lxvi, 
p.  374).     For  the  copy  we  are  indebted  to  the  author. 

44  On  the  13th  ultimo,  an  apparatus  for  determining  the  torsional  resistance  of  ma- 
terials, which  I  had  designed  for  use  in  illustration  of  my  course  of  instruction,  and 
to  which  I  had  fitted  an  automatic  recording  attachment,  was  exhibited  to  the  Na- 
tional Academy  of  Science,  at  the  late  session  held  at  this  place,  for  the  purpose  of 
showing  the  peculiar  adaptability  of  the  machine  for  the  determination  and  analysis 
of  the  action  of  physical  and  molecular  forces  in  resisting  stress,  and  to  illustrate 
the  bearing  of  experiments  already  made  upon  scientific  investigations  of  molecular 
relation. 

"At  the  close  of  the  meeting,  a  test  piece  of  wrought-iron  was  left  in  the  machine, 
exposed  to  a  strain  which  had  passed  the  limit  of  elasticity,  and  with  a  distortion  of 
45  degrees,  the  intention  being  to  determine  whether,  as  has  been  suspected  by  some 
writers  and  by  many  engineers,  'viscosity'  is  a  property  of  solids;  whether  a  flow  of 
'solids'*  could  occur  under  long-continued  strain  just  equilibrating,  when  first  ap- 
plied the  resisting  power  of  the  material,  or  whether  the  'polarity*  of  Professor  Henry 
is  an  absolutely  unrelaxing  force. 

"  The  metal  was  left  under  strain  twenty-four  hours,  and  had  not  then  yielded  in  the 
slightest  degree.  This  result  and  the  results  of  other  similar  experiments  since  made 
confirming  it,  indicate  that  metal  strained  far  beyond  the  limit  of  elasticity,  as  above 
described,  does  not  lose  its  power  of  resisting  nnintermitted  static  stress. 

"The  important  bearing  of  this  fact  upon  the  availability  of  iron,  and  of  steel, 
which  also  behaves  similarly,  for  use  in  constructions  exposed  to  severe  strains,  is 
readily  seen. 

"After  noting  the  result  obtained  as  stated,  it  was  attempted  to  still  further  dis- 
tort the  test-piece,  when  the  unexpected  discovery  was  made  that  its  resisting  power 
was  greater  than  when  left  the  previous  day,  an  increase  resistance  being  recorded 
amounting  to  about  25  per  cent,  of  the  maximum  register  the  preceding  day,  and  ap- 
proximating closely  to  the  ultimate  resistance  of  the  material.  Repeated  experi- 
ments continued  up  to  the  date  of  writing  confirm  the  following  previously  unaem- 
onstrated  principle:  That  iron  and  steel,  if  strained  beyond  the  limit  of  elasticity, 
and  left  under  the  action  of  the  distorting  force  which  has  been  found  just  capable 
of  equilibrating  their  power  of  resistance,  gain  resisting  power  to  a  decree  which  has 
a  limit  in  amount  approximating  closely,  ii  not  coinciding  with,  the  ultimate  resist- 
ance of  the  material,  and  which  has  a  limit  as  to  time  in  experiments  hitherto  made, 
of  three  or  four  days. 

"  Releasing  the  piece  entirely  and  again  submitting  it  to  the  same  force  immedi- 
ately does  not  produce  this  strengthening  action. 

"Th^re  is  some  evidence,  that  is  confirmed  by  theoretical  dynamic  principles,  that 
the  increase  of  strength  noted  is  not  accompanied  by  a  change  of  resilience,  but  that 
the  gain  of  resisting  power  is  at  the  expense  of  a  proportional  amount  of  ductility. 

"The  diagrams  obtained  during  this  research  will  be  presented  at  a  future  time, 
when  the  investigation  shall  have  been  completed. 

'*  The  interest  and  importance  attaching  to  the  discovering  qf  the  principles  above 
enunciated,  to  our  profession,  as  well  as  to  science,  will,  I  hope,  justify  the  presenta- 
tion of  this  note." 

It  will  be  noticed  that  the  results  of  the  experiments  to  be  given  con- 
firm the  views  of  Professor  Thurston  as  to  the  decrease  of  ductility  of 
the  material,  but  some  of  them  indicate  that  although  the  increase  of 
resistance  may  not  begin  "  immediately,"  yet  that  a  very  trifling  inter- 
val of  time  elapses  before  it  can  be  noticed. 

The  foregoing  papers  have  been  reproduced  here,  because  they  give 
about  all  that  was  known  on  this  subject  at  the  date  when  these  ex- 
periments were  begun. 

It  is  proper  that  it  should  be  stated  that  as  on  no  future  occasion  was 
the  lever  found  to  have  raised  during  the  period  of  rest,  the  assertion 

*Mon.  EL  Tresoa;  Snr  l'Eoouloment  des  Corps  Solldes.    Paris,  1869-'7Z. 
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that  it  bo  acted,  during  the  original  test,  was  in  all  probability  based  on 
some  error. 

During  a  few  of  the  earlier  experiments  no  exact  record  of  the  period 
of  rest  was  preserved. 

The  following  test-pieces  were  upon  one  day  strained  to  the  tensile 
limit,  and  at  some  time  during  the  next  day  broken,  with  the  results  as 
follows: 

No.l.  Contractchain,2"bar;  gain  per  square  inch  by  rest,  3,337  pounds 
=6.6  per  cent. 

No.  2.  Contract  chain,  1£"  bar ;  gain  per  square  inch  by  rest,  2,238 
pounds=4.4  per  cent. 

No.  3.  Contract  chain,  1\"  bar;  gain  per  square  inch  by  rest,  7,506 
pounds=15.1  per  cent. 

No.  4.  Contract  chain,  1J"  bar;  gain  per  square  inch  by  rest,  8,560 
pounds=17.0  per  cent. 

No.  5.  Iron  D,  2"  bar ;  gain  per  square  inch  by  rest,  6,931  pounds = 
14.8  per  cent  (bar  test  No.  430). 

No.  6.  Iron  D,  1$"  bar ;  gain  per  square  inch  by  rest,  7,395  pounds= 
15.8  per  cent,  (bar  test  No.  432). 

No.  7.  Iron  D,  If "  bar ;  gain  per  square  inch  by  rest,  7,873  pounds = 
16.7  per  cent,  (bar  test  No.  434). 

No.  8.  Iron  D,  If"  bar;  gain  per  square  inch  by  rest,  8,606  pounds= 
16.7  per  cent,  (bar  test  No.  436). 

No.  9.  Iron  D,  1£"  bar;  gain  per  square  inch  by  rest,  6,881  pounds= 
14.0  per  cent,  (bar  test  No.  438). 

No.  10.  Iron  D,  1\"  bar ;  gain  per  square  inch  by  rest,  8,306  pounds= 
16.5  per  cent,  (bar  test  No.  440). 

No.  11.  Iron  K,  1J";  gain  per  square  inch,  4,203  pounds=8.2  per  cent. 

No.  12.  Iron  K,  1";  gain  per  square  inch,  5,040  pounds=8.8  per  cent. 

Nos.  1  and  2  were  of  ordinary  coarse  chain  iron,  No.  5  of  a  remarkably 
brittle  bar  of  iron  D,  of  which  photograph  is  given  in  this  report; 
(Plate  X). 

Nos.  11  and  12  were  of  a  fine,  strong  iron,  with  considerable  carbon, 
breaking  with  a  steel-like  fracture;  the  remainder  were  all  from  tough, 
fibrous  iron.  The  indications  were  that  the  latter  type  of  iron  gained 
the  most  by  the  rest.  While  testing  the  foregoing  pieces,  the  stress 
which  produced  the  first  perceptible  elongation  (about  .002")  was  ob- 
served, and  on  the  first  test  this  stress  was  from  61  to  70,  averaging 
about  65  per  cent,  of  the  ultimate  strength.  Upon  testing  them  the 
second  time  the  stress  which  produced  first  stretch  was  nearly  identical 
with  the  ultimate  strength. 

At  the  instant  that  the  specimen  ceased  to  resist  an  increase  of  strain, 
the  reduction  of  area,  and  elongation  were  measured,  and  the  amount 
of  changes  of  form  which  had  then  taken  place  bore  the  following  ratios 
to  the  entire  change,  produced  by  tension  carried  to  rupture,  viz:  In 
reduction  of  area,  51  to  70,  averaging  59  per  cent. ;  in  percentage  of 
elongation,  73  to  88,  averaging  79  per  cent. 

The  foregoing  tests  were,  with  the  exception  of  those  made  upon  iron 
D,  not  incorporated  in  the  records  of  tension  tests  upon  bars,  attention 
being  paid  during  their  tests  to  the  subject  under  investigation  alone. 

Iron  F,  having  been  selected  as  suitable  material,  a  series  of  tests  were 
made  in  this  connection,  which  are  probably  as  free  from  erroneous  re- 
sults due  to  want  of  uniformity  in  the  material,  as  it  would  be  practical 
to  procure. 

Pieces  were  strained  to  tensile  limit  and  released  from  strain,  and 
periods  of  rest  varying  from  one  minute  to  six  months  allowed. 


TESTS   OF  METALS. 


Ill 


The  results  are  arranged  in  the  following  table,  in  sequence,  begining 
at  the  shortest  period  between  tests.  The  test,  numbers  are  of  those 
which  were  recorded  in  the  records  of  tension  tests  upon  bars: 

Elevation  of  ike  limit  of  rtrcw. 

Experiments  Hos.  18  to  50.    Material,  iron  P.    Intervals  of  rest  after  strains,  varying  from  one  minute 

to  six  months. 


Test  No. 


Strength  in. 

square  inch. 


First  test  Second  test. 


Gain  in  strength. 


Pounds 
persq.in. 


Percent 


Batio  of  change  of 
form  at  tensile 
limit  to  that  at 
ftaoture. 


Beduct'n 
of  area. 


Elonga- 
tion. 


063 
676 
661 


564 

566 

568 


664 
667 
676 
673 
674 
675 
677 


656 

657 

650 
671 
672 
705 
706 
707 
708 
709 
710 
711 
712 
716 
710 
722 
725 


31 
32 
33 
84 

35 
86 
37 
38 
30 
40 
41 
42 
43 
44 
45 
46 
47 
48 
40 
50 
51 
58 
53 
54 
55 
56 
57 
58 
50 


3 

1:; 

li- 
l 

" 

" 

'I 

1 

1 

1 

1 

1 

1 

U 

1 

If 

1 

1 

1 

1 

1 

2 

If 

li 

lr 

l:r 

1 
1 
li 
1 
If 

1: 
1 
1 
1 

l\ 

2 
2 
2 
3 


50,825 
48,800 
40,877 
48,024 
40,865 
40,345 
40,858 
40,450 
40,484 
48,401 
40,206 
50,257 
50,013 
50,840 
40,705 
51, 1M 
61,235 
50,342 
51,530 
40,035 
51,536 
40, 175 
40,267 
50,143 
40,266 
40,438 
48,537 
48,507 
48,853 
50,015 
50,474 
50,178 
60,165 
48,676 
40,807 
51, 128 
50,530 
40, 101 
48,810 
51,838 
48,144 
48,702 
40,370 
40,250 
47,871 
46,702 
47,655 


51,351 
49,110 
50,614 
40,637 
50,888 
40,903 
50,210 
51,362 
61,646 
51,561 
61,006 
62,886 
52,572 
65,037 
55,448 
55,041 
65,960 
53,044 
60,631 
58,251 
60,631 
57,635 
58,040 
58,136 
57,263 
57,001 
64,655 
57, 081 
57,443 
60,047 
59,864 

58,314 
54,740 
60,184 
55,940 
60,002 
50,626 
57,877 
56,885 
57,188 
58,188 
57,403 
68,880 
58,020 
58,076 
54.458 
57,250 


1  minute. 
...do...., 
8  minutes 
...do..... 
..  do..... 
lhour .... 

2  hours  . . 

3  hours  . . 

4  hours  . . . 

5  hours . . . 

6  hours  . . , 
7 hours  ... 
8  hours . . 

.\?&::z 

...do  .... 
..  do..... 
...do..... 
8  days  .... 
...do.... 
...do..... 
...do..... 
...do..... 
...do..... 
....do..... 
.do..... 

...do 

...do..... 
8  days  .... 

...do 

18  days  . . . 
...  do..... 
....do..... 
25 days  ... 
42  days  ... 
6  months.. 

— do 

...do  . .... 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 


801 
737 
613 
623 
648 
861 
1,903 
2,062 
2,160 
2,700 
2,629 
2,559 
4,697 
5,743 
4,787 
4.715 
2,702 
9,095 
8,316 
9,095 
8,460 
8,782 
7,003 
7,997 
8.553 
6,124 
8,484 
§,500 
9,032 
0,390 
8,136 
4,584 
9,508 
6,082 
9,774 
9,006 
8,776 
8,066 
5,350 
0,034 
8,011 
9,510 
8,770 
11, 030 
7.756 
0,5*5 


1.0 

0.6 

1.5 

L3 

1.0 

1.3 

1.7 

8.8 

4.2 

4.3 

6.6 

6.0 

5.0 

9.2 

11.5 

9.3 

9.2 

5.8 

17.6 

17.0 

17. 6 

17.2 

17.8 

15.0 

16.2 

17.8 

12.6 

17.5 

17.6 

iao 

18.6 
16.1 
9.0 
19.1 
12.2 
19.1 
18.0 
17.8 
16.6 
10.3 
18.3 
17.2 
10.4 
17.7 
22.6 
16.6 
20.0 


PereenL 
51 
44 
50 
46 
51 
56 
56 


Per  emL 
71 
78 
73 
67 
70 
80 
85 


50 
56 
52 
64 
50 
49 
50 
62 
50 
53 
68 
49 
56 
52 
64 
50 
51 
50 
61 
53 
51 
65 
66 
67 
56 
54 
57 
51 
52 
55 
47 
52 
40 
52 
53 
53 
51 
42 


85 
83 
82 
80 
80 
75 
75 
80 
78 
74 
80 
85 
76 
75 
80 
77 
70 
67 
85 
76 
83 


94 
79 
93 
84 
80 
70 
70 
75 
78 
95 
78 
76 
83 
78 
60 


P. 

S. 

M. 

F. 

8. 

8. 

S. 

8. 

8. 

S. 

R. 

8. 

8. 

M. 

M. 

M. 

M. 

M. 

8. 

8. 

S. 

8. 

P. 

8. 

8. 

8. 

P. 

H. 

M. 

M. 

8. 

8. 

P. 

M. 

P. 

8. 

8. 

M. 

8. 

8. 

8. 

P. 

8. 

8. 

8. 

8. 

8. 


Abstract  from  detail  of  tettt* 

Avenge  gain  in  less  than  1  hour 1.1  per  cent  (  5  test  j) 

Average  gain  in  less  than  8  and  over  1  hour 3. 8  per  cent  (  8  tests) 

Average  gain  in  1  day 8.0  per  cent  (  5  tests) 

Average  gain  in  3  days 16.2  per  cent.  (10  tests) 

Average  gain  in  8  days 17. 8  percent.  (  2tests) 

Average  gain  in  over  8  and  less  than  42  days 15. 3  per  cent  (  5  teste) 

Average  gain  in  6  months 17.0  per  cent.  (12  tests) 

47  tests. 

Nothing  is  determined  positively  by  this  series  t)f  tests  as  regards  the 
action  of  this  law  as  affecting  the  ductility,  for  although  the  iron  was 
probably  of  as  uniform  a  structure  as  it  is  possible  to  produce  with  a  set 
of  bars  of  various  diameters,  yet  there  were  differences  in  their  charac- 
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teristics,  as  found  by  various  tests,  which  would  probably  affect  some 
of  the  minor  results  in  this  series.    Judged  by  the  change  of  form  alone, 
it  would  seem  that  the  ductility  of  the  material  was  slightly  lessened  by 
the  rest,  and  perhaps  it  was. 
But  the  reduction  of  area  of  the  same  iron  as  shown — 

By  23  test-pieces,  broken  by  a  single  continued  strain,  was 47.5  per  cent. 

By   5  test-pieces,  broken  after  rests  of  1  to  3  minutes 48.5  per  cent. 

By   8  test-pieces,  broken  after  rests  of  1  to  8  hours 47.2  per  cent. 

By   5  test-pieces,  broken  after  rests  of  1  day 46.5  per  cent. 

By  12  test-pieces,  broken  after  rests  of  3  to  8  days 44.5  percent. 

By  47  test-pieces,  broken  after  rests  of  18  days  to  6  months 43.1  per  cent. 

and  an  examination  of  the  records  of  those  broken  by  the  single  con- 
tinued strain  reveals  that  there  were  with  these,  variations  in  reduction 
of  area,  quite  as  great  as  those  which  in  this  series  seem  to  indicate  that 
an  increase  of  the  period  of  rest  lessens  the  ductility. 

The  elongation  was  irregular ;  that  of  those  broken  at  first  stress  and 
of  those  after  six  months'  rest  coinciding  at  29  per  cent.,  while  interme- 
diates varied  from  27.5  per  cent,  to  30  per  cent. 

tfos.  20  and  21  of  the  series  were  not  broken  upon  the  second  test, 
but  at  the  fall  of  the  lever  were  removed  from  the  machine,  and  rested 
for  six  days,  when  they  were  broken;  No.  20  reaching  an  ultimate  stress 
of  55,809  pounds  per  square  inch,  a  total  gain  of  12.8  per  cent.,  and  No. 
21  reaching  56,314  pounds,  a  gain  of  13.7  per  cent. 

Seduction  of  strength  between  the  ultimate  reached,  and  breaking  point 

Nos.  18, 19,  22,  23,  24,  and  25  were,  after  reaching  the  tensile  limit, 
on  the  second  test,  still  further  tested,  thus :  The  lever  having  fallen, 
weights  were  removed  until  a  balance  took  place,  which  balance  was 
maintained  by  removal  of  weights  while  the  crank  was  turned  without 
cessation  but  slowly,  and  the  specimens  finally  ruptured  at  strains  con- 
siderably less  than  the  original  strength,  thus : 


Number.         # 

Original 
strength. 

Strength  at 
rapture. 

Lobs. 

Pounds. 

Per 
cent. 

18 

Pounds. 
40,345 
49,358 
49,401 
49,206 
60,257 
50,018 

Pounds. 
42,952 
43,049 
42,271 
42,884 
42,914 
43,121 

6,893 
6,309 
7,180 
6,842 
7,343 
6,892 

12.9 

19 

12.9 

22 

14.4 

23 

13.9 

24 

14.6 

25 

14.2 

Total 

6,818 

18.8 

Percentage  of  change  of  form  at  tensile  limit,  to  that  at  fracture. 

At  tensile  limit  the  average  reduction  of  area  which  had  taken  place 
was  equal  to  53  per  cent,  of  that  at  rupture,  and  the  average  percentage 
of  elongation  was  80  per  cent. 

The  average  of  the  same  percentages  upon  the  twenty-three  pieces 
broken  by  single  continued  strain  was,  of  reduction  of  area,  49  per  cent., 
of  elongation,  78  per  cent. ;  from  which  averages  we  deduce  that  at  the 
instant  of  ceasing  to  resist  an  increase  of  stress,  the  reduction  of  area 
which  has  taken  place  is  about  one-half  and  of  elongation  a  little  over 
three-quarters,  of  that  which  will  have  occurred  if  the  metal  be  further 
strained  to  rupture.  This  we  believe  will  not  prove  true  if  the  metal  is 
ruptured  by  a  sudden  strain,  by  the  action  of  which  the  fractured  dimen- 
sions will  nearly  coincide  with  those  which  would  have  existed  at  tensile 
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limit  had  the  piece  been  broken  by  steady  strains;  this  was  indicated 
by  the  results  of  an  experiment  with  an  apparatus  which  we  devised,  by 
which  we  were  enabled  to  apply  sadden  strains  to  the  specimen. 

By  means  of  a  pair  of  spring  clamps,  a  holder  was  attached  to  the 
upper  and  lower  clamps  of  the  dynamometer,  and  the  stress  produced  by 
turning  the  crank,  or  some  indefinite  portion  of  it,  we  accumulated  in 
the  legs  of  this  holder,  and  at  will  transferred  suddenly  to  the  speci- 
men. The  machine  was  imperfect,  its  use  involved  risk  of  injury  to  the 
dynamometer,  and  we  made  but  one  test  with  it,  which  was  as  follows: 

Comparison  of  effect  of  steady  and  sudden  strains  upon  change  of  form. 

Two  specimens  of  nearly  the  same  dimensions  were  turned  from  ironE : 

No.  1  having  diameter  .565".  length  2".27. 

No.  2  having  diameter  £W,  length  2".25. 

No.  1  was  broken  by  steady  tension,  and  at  tensile  limit  its  diameter 
was  .498" ;  length,  2".80.  No.  2  was  broken  by  a  series  of  jerks,  and 
its  ruptured  dimensions  were,  diameter,  .496";  length,  2".87,  the  rupt- 
ured dimensions  of  No.  1  being,  diameter,  407";  length,  3".00. 

Comparison  of  elevation  of  limit  of  stress,  upon  irons  of  differing  charac- 
teristics. 

The  first  series  of  experiments  (Nos.  1  to  12)  gave  indications  that  the 
operation  of  the  law  was  less  felt  by  coarse  and  brittle  irons,  and  by 
those  of  a  steely  structure,  than  by  those  of  a  more  fibrous,  ductile 
texture.  This  was  considered  to  be  a  point  worthy  of  careful  examina- 
tion, and  a  series  of  comparative  experiments  was  made  upon  test- 
pieces  composed  of  the  three  varieties  of  iron.  Thirteen  pieces  were 
prepared,  five  of  which  were  of  soft  charcoal  bloom  boiler  iron,  five  of 
coarse  contract  chain  iron,  and  three  of  a  fine-grained  bar  of  iron  K,  a 
very  pure  iron  with  high  tenacity.  These  pieces  were  all  made  of  uni- 
form proportions,  and  were  tested  to  tensile  limit  upon  the  same  day. 
They  were  then  allowed  to  rest  eighteen  hours  and  again  tested.  Some 
were  broken  at  this  second  test,  others  released  from  stress  at  tensile 
limit  and  further  tested  after  varying  periods  of  rest,  as  per  following 
table: 

EXPERIMENTS  Nos.  60  to  62. 

Effect  of  uniform  rest  upon  irons  of  widely  different  character. 

Test-pieces  rested  18  hoars. 


Number  and  marks. 


Utilmftte  strength.    Gain  in  strength. 


I 


4 


I 


Remarks. 


60,  boiler  iron 

61 

62 

63 

6* 

65,  contract  chain 

66 

67 

68 

60 

70,  iron  K 

71 

72 


8lM 


Pounds. 
48,600 
49,800 
49,800 
48,100 
48,150 
50,200 
50,250 
50,700 
49,600 
51,200 
58,800 
59,000 
56,400 


Founds. 
56,500 
57,000 
58,000 
54,400 
55,550 
54,000 
53,200 
55,300 
52,900 
52,800 
64,500 
65,800 
60,600 


7,900 
7,200 
9,200 
6,300 
7,400 
3,800 
2,950 
4,600 
8,300 
1,600 
5.700 
6,800 
4,200 


16.0 

16.4 

1&4 

13.1 

15.0 

7.5 

5.8 

9.0 

6.6 

3.2 

0.6 

11.5 

7.3 


Not  broken. 

Broken 1 

Broken I  Average  gain  15. 8  per 

Broken )      cent. 

Broken J 

Broken ] 

Not  broken..!      cent* 
Not  broken..  J 

5SS ::::::  Ussr  ■"»**?« 

Broken J     0en*• 
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These  experiments  confirmed  the  opinion  already  formed,  and  indi- 
cate that  a  bridge,  cable,  or  other  structure  composed  of  iron  of  either 
of  the  latter  two  varieties  will  receive  comparatively  slight  benefit  from 
the  operation  of  this  law,  while  ductile,  fibrous  metal,  which  possesses 
greater  inherent  power  to  resist  sudden  strains  than  does  the  iron  of 
<soarser  nature,  although  the  latter  may  be  better  able  to  resist  steady 
stress,  gains  in  this  latter  power  to  a  greater  extent  by  the  effect  of 
strains  already  withstood. 

Supplemental  tests  of  Nos.  60,  66,  67,  68,  and  69  of  foregoing  test-pieces. 

No.  60,  after  having  been  strained  to  the  tensile  limit  the  second 
time,  was  released  from  stress  and  retested  after  one  year's  rest,  when 
its  ultimate  strength  was  found  to  be  59,500  pouuds,  a  total  gain  of  22 
per  cent,  upon  the  original  strength. 

No.  66  was  rested  for  7  hours,  41  hours,  and  24  hours,  and  after  each 
rest  repulled  to  the  tensile  limit,  with  results  as  follows  (the  first  two 
tests  being  included  for  ready  comparison):  Strength,  first  strain, 
50,250  pounds;  rested  18  hours,  strength  53,200  pounds;  rested  7 
hours,  strength  54,700  pounds ;  rested  41  hours,  strength 54,500  pounds; 
rested  24  hours,  strength  54,000  pounds. 

No.  67.  First  strain,  strength  50,700  pounds ;  rested  18  hours, 
strength  55,300  pounds ;  rested  7  hours,  strength  53,150  pounds ;  rested 
41  hours,  strength  56,600  pounds;  rested  24  hours,  strength  54,000 
pounds. 

No.  68.  First  strain,  strength  49,600  pounds ;  rested  18  hours, 
strength  52,900  pounds;  rested  8  hours,  strength  51,000  pounds;  rested 
16  hours,  strength  54,800  pounds;  rested  24  hours,  strength  53,000 
pounds. 

No.  69.  First  strain,  strength  51,200  pounds;  rested  18  hours, 
strength  52,800  pounds;  rested  8  hours,  strength  54,900  pounds;  rested 
16  hours,  strength  52,750  pounds;  rested  24  hours,  strength  51,750 
pounds. 

The  four  pieces  were  broken  at  the  strains  last  given. 

Experiments  with  tico  sets  of  test-pieces,  one  set  cut  from  bars  in  their  nor- 
mal condition,  the  other  from  same  bars  after  the  latter  had  been  pulled 
asunder  by  tension. 

Nineteen  bars  of  various  irons  were  selected,  and  from  each  a  cylin- 
drical test-piece  was  prepared;  the  bars  were  then  fitted  with  heads 
and  pulled  asunder.  Another  set  of  cylinders  was  prepared  by  cutting 
the  necessary  length  from  one  of  the  broken  ends,  about  six  inches 
from  the  point  of  rupture.  Both  sets  of  cylinders  were  tested,  with 
results  as  per  following  table,  showing  a  great  gain  in  strength  in  all 
cases  when  the  material  could  be  classed  as  wrought  iron,  but  none 
when  it  was  steel.  Hence  we  infer  that  excess  of  carbon  deprives  iron 
of  the  power  to  gain  strength  through  the  action  of  this  law. 
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BXPBBIMENTS  Kos.  73  to  94. 

Comparison  of  strength  of  two  sets  of  test-pieces  y  the  first  of  which  was  cut  from  bars  in.  their 
normal  condition,  and  the  second  from  the  same  bars,  after  the  latter  had  been  pulled  in 
two. 


J 

I 

Stress  required  to  break  the  test- 
pieces. 

Strength  of  second  set  over  first. 

II 

* 

I 

0 

i 

First  set. 

Second  set. 

Pounds. 

Percent. 

// 

Pounds. 

Pounds. 

73 

if 

K. 

53,520 

72,700 

19,180 

85.8 

74  ' 

1ft 

X. 

53,920 

71,800 

17,880 

83  1 

75 

M* 

C. 

47,876 

63,500 

16,685 

82.7 

76 

if 

C. 

48,600 

65,000 

16,400 

33.7 

77 

it 

C. 

56.000 

73,000 

17,000 

30.3 

78 

il 

C. 

62,000 

67,900 

15,900 

30.6 

79 

*ft 

C. 

45,800 

63,300 

17,500 

36.0 

80 

lt? 

B. 

51,900 

72,000 

20,100 

38.7 

81 

a! 

B. 

53,600 

68,700 

15, 100 

28.1 

82 

J. 

50,350 

68,400 

18,050 

35.8 

83 

i| 

J. 

50,400 

67,700 

17,300 

34.3 

84 

if 

P. 

50,180 

66,400 

16,220 

32.3 

85 

i| 

F. 

50,400 

67,200 

16,800 

33.3 

86 

H 

S. 

50,080 

68,000 

17,920 

35.7 

87 

ill 

s. 

50,100 

70,100 

20,000 

39.9 

88 

L. 

58,390 

60,200 

10, 810 

18.5 

89 

L. 

59,290 

67,160 

7,870 

13.2 

90 

L. 

75,233 

76,600 

91 

jf 

L. 

84,800 

92 

jF 

L. 

74,600 

72,600 

93 

a 

L. 

66,500 

94 

L. 

66,800 

73,900 

6,250 

7.9 

The  test-pieces  from  Nos.  73  to  89,  inclusive,  were  made  from  ordinary 
commercial  bar  iron  of  various  degrees  of  ductility.  All  show  a  re- 
markably great  gain  in  strength,  caused  by  the  tension  upon  the  entire 
bars. 

The  interval  of  time  between  the  two  sets  of  tests  was  not  noted,  but 
it  was  several  days. 

There  is  no  marked  difference  in  the  amount  of  elevation,  except  upon 
the  test- pieces  made  from  L,  which  was  a  weld  steel,  although  sent  to 
us  as  chain  iron.  With  this  metal  the  results  were  exceedingly  irregu- 
lar, and  it  was  thought  advisable  to  make  a  few  careful  tests  upon  it. 
Four  pieces  were  therefore  prepared  from  a  bar  of  £"  diameter,  which 
were  tested  to  the  tensile  limit,  then  rested  for  one  hour,  one  day,  one 
week,  and  one  month,  respectively,  when  they  were  retested  with  results 
as  follows: 

Experiments  Nos.  95  to  98,  inclusive.    Material,  weld  steel. 


Original 
dimensions. 

Strength  at— 

Period  of  rest. 

Gain  in 
strength. 

3 
1 

* 

i 

i 

J 

! 
i 

1 

I 

P-i 

1 

95 

In. 
.500 
.500 
.496 
.501 

In, 
2.25 
2.25 
2.25 
2.25 

Pounds. 
59,078 
58,569 
59,000 
59,859 

Pound*. 

58,619 
57,805 
59,653 
61,694 

One  hoar 

—  469 

—  764 
+    653 
+1,834 

96 

One  day 

97 

One  week 

1 

fct 

One  month. 

8 
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The  entire  series  of  tests  by  tension  upon  this  metal  indicates  such 
irregularity  in  its  strength  that  the  foregoing  tests  do  not  possess  a 
positive  value,  but  they  indicate  that  there  is  a  great  difference  between 
the  action  of  weld  steel  and  even  steely  irons,  still  greater  between  it 
and  fibrous  iron  when  examined  in  reference  to  the  action  of  this  law. 
We  obtain  no  positive  evidence  that  any  increase  of  strength  is  caused 
in  steel  by  rest  after  strain. 

MISCELLANEOUS  EXPERIMENTS. 

We  had  found  that  in  one  minute  of  rest  there  was  an  appreciable 
gain;  it  was  determined  to  ascertain  still  more  closely  how  quickly  this 
law  would  begin  to  operate;  also  how  often  it  could  be  expected  to  act 
between  the  points  of  ultimate  strength  and  rupture,  hoping  that  the 
results  would  furnish  data  by  which  the  effect  of  repeated  alternations 
of  strains  and  rests  might  be  judged.  To  this  end  a  number  of  test- 
pieces  were  strained  to  tensile  limit,  the  weights  then  removed,  no 
addition  being  made  to  the  stress  until  a  balance  took  place;  the  dimen- 
sions were  measured  at  the  instant  of  balance  and  the  stress  at  balance 
recorded ;  the  strain  was  then  reapplied,  the  lever  first  rising  and  then 
falling.    The  operation  was  repeated,  with  results  as  follows: 

EXPERIMENT  No.  1. 
Tost-piece,  iron  L;  |" ;  diameter, .  696" ;  length,  2".  80. 


Stress  at— 

Dimensions. 

Stress  at— 

Dimensions. 

i 

i 

1 

i 
3 

In. 

i 

! 

i 

i 

5 

i 

Pounds. 
25,280 

Pounds, 

In, 

i£th  balanra*  mr 

Pounds. 

Pounds. 
23,700 

In. 

.648 

In. 
3.85 

1st  balance 

24,400 

.696 

3.24 

12th  elevation 

13th  balance ........ 

24,000 

1st  elevation ....... 

25,225 

23,580 

.547 

3.35 

2d  balance 

24,620 

.592 

3.27 

13th  elevation 

14th  ImlATtr.A 

23,900 

2d  elevation 

25,050 

23,450 

.545 

24,475 

.585 

8.  27ft'  1  14th  a1  pvatinn 

23,840 

8d  elevation 

25,000 

i 

15th  balance 

23,350 

4th  balance 

24,400 

.580 

3.28 
3.81 

15th  elevation 

16th  balance  -  -  r .... . 

23,750 

4th  elevation 

24,925 

23,250 

.537 

3.86 

5th  balance 

Lost.. 

.570 

16th  elevation 

I  17th  balance 

23,660 

6th  elevation 

24,625 

23,050 

.530 

6th  balance 

24,000 

.566 

3.312 

17th  elevation 

18th  balance  -?.....- 

23,450 

6th  elevation 

24,550 

22,900 

.525 

8.865 

7th  balance 

24,000 

.564 

8.32 

18th  elevation 

19th  balance 

23,180 

7th  elevation 

24,425 

22,550 

.517 

8.87 

8th  balance 

23,950 

.560 

3.325 

19th  elevation 

20th  balance ........ 

23,000 

8th elevation ....... 

24,250 

22,875 

.612 

9th  balance 

23,850 

.555 

3.33 

20th  elevation 

21st  balance 

22,760 

9th  elevation 

24,200 

22,125 

.510 

10th  balance 

23,800 

21st  elevation 

22d   balance 

22,600 

10th  elevation 

24,250 

22,000 

.503 
.600 

11th  balance 

23,750 

.558 

3.35 

Broke 

22,300 

11  th  elevation 

24,140 
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EXPERIMENT  No.  2. 
Test-piece,  iron  L;  *";  diameter,  .724";  length,  ¥'.78. 


Stress  at—       Dimensions. 


J 


Stress  at— 


Dimensions. 


a 

! 


4 

3 


1st  balance  ... 
1st  elevation. . 
2d  balance... 
2d  elevation.. 
3d  balance  ... 
3d  elevation.. 
4th  balance... 
4th  elevation  . 
5th  balance . . . 
5th  elevation  . 
6th  balance... 
6th  elevation  . 
7th  balance... 


Pound* 
28,375 


Pounds. 


20,300 
*2«Vi25 


25,525 
"25,"450' 


25,950 
"257746' 


25,300 
*25,"075 


25,525 
25,175 


25,000 
*24,"706 

"24,"i66 


In. 

",m 
'."Si" 
'm 
."eoi' 
"Si" 
."500" 
"wo" 


In. 
3."  18 
3.*  19 

i'ii" 


3.25 


7th  elevation  . . . 

8th  balance 

8th elevation  ... 

9th  balance 

9th elevation  ... 

10th  balance 

10th  elevation 

11th  balance 

11th elevation  ... 

12thbalanoe 

12th  elevation — 

13th  balance 

Broke 


Pounds. 
24,900 


Pound*. 


In. 


In. 


24,620 
'24,240 


24,125 
23,750 


23,860 
"23,625' 


23,250 
"22,966 


23,375 
"23,166' 
'22,900 
*22,*556' 


.555 
"548" 
'."546" 


3.28 

"i'so 


.535 

.605 


3.32 


EXPERIMENT  No.  3. 
Test-piece,  iron  L;  f";  diameter,  .806";  length,  8". 


1st  balance  ... 
1st  elevation.. 
2d  balance... 
2d  elevation.. 
3d  balance  ... 
3d  elevation.. 
4th balance ... 
4th  elevation  . 
5th  balance... 
5th  elevation  . 


Stress  1 


Dimensions. 


Pounds. 
81,500 


31,375 
3i,"326" 


31,325 
8i,"206' 

"iiiio" 


Pound*. 


80,850 
"80,740" 


30,675 
"86,650 
"30,"i66 


In. 


.696 
.692' 
."685 
.679 


In, 

3."to 


3.73 


I 


6th  balance 

6th  elevation — 

7th  balance 

7th  elevation.... 

8th  balance 

8th  elevation — 

9th  balance 

9th  elevation.... 

10th  balance 

10th  elevation 

Broke  


Stress  at— 


Dimensions. 


% 


Pounds. 


30,960 
"30*8i6 


30,625 
"36,566 


30,350 
26,700 


Pounds. 
30, 275 


80,050 
"36*666 


29,900 
29,775' 


.d 


In. 
.670 


In. 

a  74 


.665 


Lost. 
"s.76 


.656 
."542" 


a  78 
"3."92 


EXPERIMENT  No.  4. 
Test-piece,  iron  K;  diameter,  .976";  length,  3".0& 


1st  balance  ... 
1st  elevation. . 
2a  balance  ... 
2d  elevation.. 
3d  balance  .. 
3d  elevation. 
4th  balance . . . 
4th  elevation  , 
5th  balance... 


Stress  at— 


Dimensions. 


i 


Pounds. 
41,550 


41,500 
"il,"436' 


41,360 
"41,006 


Pounds. 

"io'ieo" 


40,400 

"46,266' 


89,900 
"39,*766" 


In. 


.857 
.*850' 
."846" 


In. 
3.86 


3.89 
3.98 
'3.95' 


5th  elevation 

6th  balance   ...... 

6th  elevation 

7th  balance 

7th  elevation 

8th  balance 

8th  elevation 

9th  balance 

Bxoke 


Stress  at— 


Dimensions. 


i 

1 


Pounds. 
40,850 


40,450 
"46,"666' 


88,600 
"34,*266" 


Pounds. 


39,575 
"39,456 


88,575 
'85,206 


In. 


In. 
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EXPERIMENT  No.  5. 

Test-piece,  iron  F;  diameter,  .800";  length,  3".50. 


Stress  at— 

Dimensions. 

1 

Stress  a>t— 

Dimensions. 

1 

1 

i 

i 

i 

t 

i 
1 

i 

1 
i 

5 

J 

Pounds 
32,275 

32,256" 

Pound* 

In. 

In. 

12th  balance . ...... 

Pounds 

Pounds 
30,300 

In. 
.732 

In. 
4.86 

1st  balance 

31,500 

.786 

4.26 

1  12th  elevation 

|  13th  balance 

31,000 

1st  elevation ........ 

80,300 

.728 

2d  balance 

31,450 

.784 

'  13th  elevation 

i  14th  balance ....... 

30,825 

2d   elevation 

32,175 

30, 217 

3d  balance 

31,470 

.775 

14th  elevation 

15th  balance 

30, 570 

8d   elevation 

32,100 

29,550 

.714 

4th  balance 

81,150 

.772 

4.30 

15th  elevation 

16th  balance 

30,300 

4t  h  elevation 

32,000 

29,600 

.705 

5th  balance 

31,150 

.767 

16th  elevation 

30,000 

5th  elevation. 

32.050 

29,400 

.702 

6th  balance 

31,300 

.764 

!""!".! 

17th  elevation 

lRtli  hnlfmcn  . 

29,840 

6th  elevation 

32,000 

29,000 

.697 

7th  balance 

31, 100 

.760 

4.32  |'   Iftth  plnvfttion . 

29,600 

7th  elevation. ....... 

31,820 

29,000 

.691 

8th  balance 

30,900 
36,"850 

.756 
\*752* 

4.34  , 

19th  elevation 

20th  balance 

29,325 

8th  elevation 

31,750 

28,650 

.686 

9th  balance 

20th  elevation 

21st  balance  ....... 

29,000 

0th  elevation 

31,475 

28,450 

.678  1 

10th  balance 

30,900 

1 

21  at  elevation 

22d   l>alance 

28,700 

10th  elevation 

31,875 

1 

28,000 

.675  1 

1 1th  balance 

30,700 

.740 

Broke 

28,825 

.  652       4. 47 

11th  elevation 

31,125 

EXPERIMENT  No.  6. 
Test- piece,  iron  F ;  diameter, .  897" ;  length,  3".50. 


Stress  at— 

Dimensions. 

Stress  at— 

Dimensions. 

i 

J 

8 

i 

i 
3 

i 

i 

1 

i 
3 

Pounds 
38,560 

Pounds 

In. 

In. 

12th  elevation 

13th  balance 

13th  elevation 

14th  balance ....... 

Pounds 
37,200 

37,666" 

Pounds 

In. 

In. 

37,225 

.786 

4.30 

36,520 

.750 

4.39 

37,880 

87,000 

.785 

36,225 

.746 

4.40 

37,650 

14th  elevation 

15th  balance 

86,740 

36,950 

.781 

4.32 

36,000 

.741 

37,600 

15th  elevation 

16th  balance 

36,550 

36,925 

35,900 

.736 

87,650 

16th  elevation 

17th  balance 

36,875 

86,940 
'36,950* 

.780 
.778 

85,600 

.732 

4.43 

37,640 

17th  elevation 

18th  balance 

36,020 

85,200 

.728 

87,700 

18th  elevation 

19th  balance 

35,850 

7th  balance   

87,000 
37,000 

.776 

85,000 

.725 

87,760 

19th  elevation 

20th  balance 

35,550 

.775 

34,750 

.720 

37,770 
37,700 

20th  elevation 

2lst  balance 

85,250 

37,025 

.765 

4.36 

34,525 

.716 

4.45 

21st  elevation 

22d   balance 

85,000 

37,000 

.760 

84,250 

.718 

4.46 

37,580 

22d   elevation 

23d   balance 

23d   elevation 

Broke 

34,825 
34,575 

11th  balance 

86,800 

.758 

34,200 

.710 

37,400 

36,000 

.754 

33,800 

.688 

4.43 

The  lever  remained  at  a  steady  balance  at  37.225  pounds,  the  yield 
of  the  specimen  exactly  counterpoising  the  increase  of  the  strain,  which 
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was  produced  by  the  crank  being  turned  50  revolutions  per  minute 
for  nearly  four  minutes,  during  which  period  the  diameter  reduced  from 
.806"  to  .786",  and  the  length  increased  from  4".17  to  4".30. 

We  were  thus  furnished  with  valuable  confirmation  of  views  pre- 
viously expressed  as  to  the  amount  of  entire  change  of  form  which 
has  taken  place  at  tensile  limit  In  this  case  the  percentage  of  entire 
reduction  of  area  at  rupture,  which  had  occurred  at  beginning  of  balance, 
was  39  per  cent.,  at  end  48  per  cent. :  of  elongation  at  beginning  65  per 
cent.,  at  end  77  per  cent.  No  6  experiment  was  upon  a  test-piece  whicli 
had  been  strained  to  the  tensile  limit  two  months  previously;  at  that 
time  the  first  stretch  took  place  at  a  stress  equal  to  37,880  pounds  per 
square  inch  and  the  strength  at  tensile  limit  was  51,946  pounds. 

Upon  this  second  test  the  tensile  strength  was  61,022  pounds  per 
square  inch  and  the  stress  producing  the  first  stretch  was  coincident 
with  the  ultimate  strength. 

The  description  in  detail  of  one  of  these  experiments  will  answer  for  all. 
Selecting,  therefore,  No.  1,  it  is  as  follows : 

At  a  stress  of  24,000  pounds  the  lever's  movement  upward  had  become 
very  slow,  and  although  the  crank  was  turned  continuously,  it  required 
over  six  minutes  to  rise  to  25,275  pounds,  the  24,000  pounds  having  been 
reached  in  about  eight  minutes.  From  25,275  to  25,280  pounds  the  lever 
slowly  vibrated  over  five  minutes,  then  settled  to  rest,  the  latter  figure 
being  the  highest  point  reached,  equal  to  a  tenacity  of  66,426  pounds 
per  square  inch.  When  the  lever  fell,  the  stress  was  stopped,  weights 
removed  until  the  scale  marked  24,400  pounds — a  removal  of  880  pounds, 
when  the  lever  rose  slowly  to  a  balance,  the  marks  coinciding.  At  this 
instant  the  measurements  (diameter  .596",  length  3".24)  were  taken,  the 
operation  requiring  about  25  seconds ;  strain  was  then  reapplied  and  the 
lever  instantly  rose  till  it  required  25,225  pounds,  an  addition  of  825 
pounds,  to  keep  the  balance,  it  then  sunk  rapidly.  This  operation  was 
repeated  twenty-two  times,  the  gain  in  strength  constantly  decreasing 
and  the  loss  increasing,  until  rupture  finally  took  place  at  22,300  pounds ; 
a  loss  of  nearly  3,000  pounds  on  the  original  strength. 

Stress  required  to  produce  successive  changes  of  form. 

The  stress  which  produced  the  first  perceptible  elongation,  and  that 
which  increased  the  same  each  tenth  of  an  inch,  also  the  corresponding 
reduction  of  diameter,  was  observed,  and  are  shown  in  the  following 
tables: 

No,  1.     Tenacity,  06,24$  pounds. 

Stress  of  44,000  lbs.  per  sq.  inch  produced  elongation  .01",  reduced  diameter  .016" 
Addition  of  12,600  lbs.  per  sq.  inch  increased  elongation  to .  10",  reduced  diameter  to  .032" 
Addition  of  7,500  lbs.  per  sq.  inch  increased  elongation  to  .20",  reduced  diameter  to  .048" 
Addition  of  1,700  lbs.  per  sq.  inch  increased  elongation  to  .30",  reduced  diameter  to  .066" 
Addition  of  300  lbs.  per  sq.  inch  increased  elongation  to  .40",  reduced  diameter  to  .087" 
Addition  of       25  lbs.  per  sq.  inch  increased  elongation  to .  44",  reduced  diameter  to .  100" 

Ko.2.    Tenacity,  63,880  pounds. 

Stress  of  40,500  lbs.  per  sq.  inch  produced  elongation  .02",  reduced  diameter  .002" 
Addition  of  14,540  lbs.  per  sq.  inch  increased  elongation  to .  12",  reduced  diameter  to  .019" 
Addition  of  7,260  lbs.  per  sq.  inch  increased  elongation  to  .22",  reduced  diameter  to  .044" 
Addition  of  1,630  lbs.  per  sq.  inch  increased  elongation  to  .32",  reduced  diameter  to  .068'' 
Addition  of      133  lbs.  per  sq.  inch  increased  elongation  to  .40",  reduced  diameter  to .  094'' 
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No.  3.     Tenacity,  61,740  pounds. 

Stress  of  36,064  lbs.  per  b<j.  inch  produced  elongation  .01",  reduced  diameter  .002" 
Addition  of  9,408  lbs.  per  sq.  inch  increased  elongation  to  .11",  reduced  diameter  to  .012" 
Addition  of  10,368  lbs.  per  sq.  inch  increased  elongation  to  .21",  reduced  diameter  to  .030" 
Addition  of  3,920  lbs.  per  sq.  inch  increased  elongation  to  .31",  reduced  diameter  to  .046" 
Addition  of  1,314  lbs.  per  sq.  inch  increased  elongation  to  .41",  reduced  diameter  to  .064" 
Addition  of  519  lbs.  per  sq.  inch  increased  elongation  to  .51",  reduced  diameter  to  .078" 
Addition  of    147  lbs.  per  sq.  inch  increased  elongation  to  .58",  reduced  diameter  to .  102" 

No.  5.     Tenacity,  51,880  pounds. 

Stress  of  36, 166  lbs.  per  sq.  inch  produced  elongation  .02",  reduced  diameter  .002" 
Addition  of  6,424  lbs.  per  sq.  inch  increased  elongation  to  .12",  reduced  diameter  to  .016" 


Addition  of  4, 588  lbs.  per  sq.  inch  increased  elongation  to  .22".  reduced  diameter  to  .023" 
Addition  of  2,492  lbs.  per  sq.  inch  increased  elongation  to  .32",  reduced  diameter  to  .038" 
Addition  of  1,352  lbs.  per  sq.  inch  increased  elongation  to  .42",  reduced  diameter  to  .054" 


Addition  of  608  lbs.  per  sq.  inch  increased  elongation  to  .52",  reduced  diameter  to  .069" 
Addition  of  250  lbs.  per  sq.  inch  increased  elongation  to  .62",  reduced  diameter  to  .084" 
Addition  of  unknown  amount  increased  elongation  to.71",  reduced  diameter  to  .104" 

Thus  it  is  evident  that  after  the  elastic  limit  has  been  reached,  a  slight 
addition  to  the  stress  produces  very  disproportionate  effect.  As  a  con- 
firmation, oar  tests  of  cable  show  in  one  case  that  an  elongation  of  25" 
produced  by  56  tons  stress,  was  increased  to  56"  by  the  addition  of  12 
tons. 

In  obtaining  the  stress  which  produced  the  elongation  of  each  tenth 
of  an  inch  we  watched  for  the  elongation  and  stopped  the  strain  the 
instant  the  looked-for  tenth  had  taken  place.  The  experiment  was 
varied  in  the  following  manner,  with  two  test-pieces,  made  from  soft 
charcoal-bloom  boiler  iron. 

'  With  these,  having  obtained  the  first  stretch,  we  applied  slowly  an 
additional  stress  of  1,000  pounds,  and  measured  the  dimensions,  then 
continued  to  add  the  same,  measuring  after  each  addition,  until  the  lever 
fell  indicating  tensile  limit.  We  thus  procured  data  as  to  the  action  of 
the  metal  between  the  elastic  and  the  tensile  limit,  the  former  tests  Nos. 
1,  2,  3,  and  5  having  begun  at  the  latter  period. 

Experiments  to  determine  the  effect  in  changing  form,  of  stress  increasing  from  the  elastic  to 
the  tensile  limit,  gradually  applied. 

Test-pieces  of  soft  charcoal-bloom  iron- 


Stress  on  teat-piece. 


None 

20,600  pounds, 
22,000  pounds. 
28,000  pounds. 
24,000  pounds. 
26,000  pounds. 
26, 000  pounds. 
27,000  pounds. 
28,000  pounds. 
29,000  pounds. 
80,000  pounds. 
81,000  pounds. 
82,000  pounds. 
88,000  pounds. 
84,000  pounds. 
86,000  pounds. 
86,000  pounds. 
37,000  pounds. 
88,000  pounds. 


No.  L 


Dimensions. 


Diam- 
eter. 


Length, 


L000 
.905 
.994 
.992 
.991 
.989 
.987 
.985 
.983 
.980 
.977 
.975 
.972 
.968 
.964 
.960 
.955 
.943 


8.988 
8.956 
8.985 
4.001 
4.010 
4024 
4.040 
4,058 
4.078 
4,099 
4.124 
4156 
4.168 
4.201 
4.239 
4.284 
4.389 
4425 
4501 


Change. 


Bed.  of 
diam. 


0.005 
0.001 
0.002 
0.001 
0.002 
0.002 
0.002 
0.002 
0.003 
0.003 
0.002 
0.003 
0.004 
0.004 
0.004 
0.005 
0.012 
0.010 


Elon. 


0.018 
0.029 
0.016 
0.009 
0.014 
0.016 
0.018 
0.020 
0.021 
0.025 
0.032 
0.032 
0.033 
0.038 
0.045 
0.055 
0.080 
0.076 


No.  2. 


Dimensions. 


Diam- 
eter. 


Length. 


0.996 
0.989 
0.988 
0.985 
0.983 
0.982 
0.960 
0.977 
0.975 
0.972 
0.971 
0.967 
0.965 
0.959 
0.965 
0.948 
0.988 
0.921 


4.008 
4  038 
4.067 
4  076 
4.093 
4.109 
4.121 
4  242 
4.265 
4.280 
4305 
4840 
4  374 
4.402 
4454 
4  514 
4586 
4658 


Change. 


B.D.        E. 


0.007 
0.001 
0.003 
0.002 
0.001 
0.002 
0.003 
0.002 
0.003 
0.001 
0.004 
0.002 
0.006 
0.004 
0.007 
0.010 
0.017 


0.080 
0.029 
0.009 
0.017 
0.016 
0.012 
0.021 
0.023 
0.015 
0.025 
0.035 
0.034 
0.028 
0.052 
0.060 
0.072 
0.072 
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While  testing  the  piece  whose  history  is  given  as  Experiment  No.  1 
we  noticed  after  rupture  that,  in  addition  to  the  reduction  at  the  point 
of  rupture,  where  the  taper  was  very  abrupt,  there  were  several  other 
places  much  reduced,  as  shown  in  cut.  No  test-piece  from  other  irons 
manifested  this  peculiarity;  two  others  of  this  material  "ironL"  did. 


This  irregular  decrease  of  diameter  under  tension  was  considered  to 
be  an  indication  that  the  strength  of  the  material,  however  great  it 
might  occasionally  prove,  was  very  irregular,  that  each  bar  contained 
both  strong  and  weak  spots,  and  that  it  was  thus  unsuitable  for  cables. 
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SECTION  V. 

IMPACT. 

A  PAPER  DESCRIBING  A  SERIES  OF  TESTS  MADE  BY  THE  APPLICATION 
OF  SUDDEN  STRAINS  TO  PORTIONS  OF  THE  VARIOUS  BARS,  WHOSE 
ACTION  UNDER  TENSION  HAS  BEEN  GIVEN. 

The  tests  by  which  we  ascertain  the  powers  of  the  various  irons  of 
the  series  to  resist  steady  tensional  strains,  applied  in  the  direction  of 
the  fiber,  and  when  manufactured  into  links,  furnish  us  with  no  data 
by  which  their  relative  powers  to  resist  sudden  strains,  applied  trans- 
versely, can  be  judged.  As  cables  are  more  frequently  broken  by 
strains  of  this  nature  than  by  all  other  causes  combined,  it  was  con- 
sidered to  be  absolutely  necessary  that  the  series  should  be  subjected 
to  such  tests  as  would  develop  their  relative  values  in  this  respect 
before  we  could  express  an  opinion  as  to  which  of  the  varying  charac- 
teristics, as  developed  by  tension  alone,  indicated  that  the  iron  in  which 
they  existed  could  be  considered  as  in  every  way  suitable  for  the  manu- 
facture of  cables. 

Having  no  apparatus  by  which  such  tests  could  be  made,  one  was  de- 
vised by  the  chairman  of  this  committee,  by  the  use  of  which  we  were 
enabled  to  form  a  very  fair  judgment  as  to  the  comparative  values  of 
the  irons  when  subjected  to  shocks. 

This  machine  was  called  the  impact-hammer,  and  it  is  shown  in  the 
accompanying  lithograph. 

METHOD   OF  TESTING   BY  DIP  ACT. 

Our  method  of  testing  by  this  machine  was  this:  Test-pieces  not  less 
than  twelve  diameters  in  length  were  placed  across  the  hole  through  the 
anvil,  the  centers  being  directly  under  the  edge  of  the  wedge-shaped 
hammer,  which  was  raised  to  various  heights  and  allowed  to  drop  upon 
them. 

Bars  of  some  irons  which  were  tested  by  this  method  could,  while  in 
their  normal  condition,  the  skin  being  in  no  manner  nicked  or  weakened, 
be  broken  in  two  by  blows  of  less  than  30  feet  drop ;  with  other  irons 
it  was  necessary  to  weaken  them  by  a  circular  score  -sV"  deep  that  we 
might  succeed  in  breaking  the  test-piece,  it  not  being  convenient  to  use 
a  hammer  of  over  100  pounds  weight,  which  could  be  hoisted  but  30 
feet.  This  cut  through  the  skin  reduced  the  bar's  power  to  resist,  in 
the  same  manner  that  it  is  reduced  by  the  ordinary  method  of  nicking 
with  a  cold  chisel,  and  the  blows  of  the  hammer  were  of  the  same  nature 
as  those  given  by  sledge  hammers ;  but  with  this  machine  the  force  of 
the  blow  could  be  regulated  and  known,  and  the  weakening  produced 
by  the  cuts  made  uniform. 

'  The  wedge-shaped  portion  of  the  hammer  permitted  a  bar  to  bend  to 
an  angle  of  120°. 

The  energy  of  the  blow  delivered  by  this  hammer  may  be  deduced 

from  the  formula  E=«— ,  in  which  w  =  weight  of  hammer  in  pounds, 

v  =  its  velocity  in  feet,  g  =  gravity  (at  Washington  32,153),  and  E  = 
energy  in  foot  pounds. 

By  resolving  this  formula,  it  will  be  seen  that  for  each  foot  of  drop  of 
the  hammer  the  energy  is  equal  to  100  foot  pounds.    As,  however,  the 
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dynamical  effect  of  the  blows  are  necessarily  modified  by  friction  and 
other  causes,  among  which  is  the  increasing  distance  of  the  drop,  as 
the  specimen  yields,  and  as  the  power  to  resist  these  blows  must  be 
reduced  by  the  effect  of  those  previously  sustained  by  the  specimen 
under  test,  our  results  by  the  use  of  this  machine  have  but  a  slight 
and  indirect  value  from  a  scientific  point  of  view ;  but,  furnishing  us 
as  they  did  with  an  unerring  method  by  which  we  could  judge  whether 
an  iron  was  or  was  not  tough  enough  to  make  good  chain  cables, 
also  with  indications  which  enabled  us  to  form  a  judgment  upon  the 
same  point  by  the  results  of  tensional  tests,  they  were  very  valuable  for 
our  purposes. 

Through  results  obtained,  by  its  use,  nearly  all  of  the  chain  cable  on 
hand,  owned  by  the  Navy  Department,  was  condemned,  and  the  endeavor 
to  make  an  iron  which  could  withstand  the  severe  tests  given  by  this 
machine,  resulted  in  the  discovery  of  the  process  by  which  the  experi- 
mental cable  iron  (hammered  iron  and  iron  A)  was  produced. 

Through  the  data  collected  by  the  test  by  this  method  of  a  large  num- 
ber of  bars  of  various  irons  differing  widely  in  character,  we  were  able 
to  detect  the  existence  of  a  connecting  link,  and  partially  trace  its  course, 
between  characteristics  displayed  under  tension  and  those  produced  by 
impact. 

Iron  with  high  tensile  strength  generally  proved  to  be  possessed  of 
but  comparatively  low  resilience ;  it  would  break  under  the  blows  with 
but  slight  deflection,  and  leave  a  fractured  surface,  smooth  as  though 
the  bar  had  been  cut  in  two  by  a  sharp  knife,  the  ends  of  the  fibers 
showing,  like  steel,  a  fine,  slightly  granulous  surface. 

Iron  of  coarse,  slightly-worked  character  would  have  an  equally 
smooth  and  bright  surface,  but  the  coarse,  granulous  appearance  of  the 
cut  fibers  denoted  how  slightly  they  had  been  affected  by  the  rolls. 

Iron  with  a  high  elastic  limit  would  resist  the  first  blow  with  but  little 
injury  or  deflection,  but  the  deflection  once  started  by  subsequent  blows, 
it  would  yield  more  at  each  than  would  other  irons  with  a  lower  limit, 
which  were  more  affected  by  the  first  blow.  Some  irons  would,  after 
having  been  Weakened  by  the  cicrular  cut  through  the  skin,  resist  with 
slight  injury  blows  which  would  break  in  two  bars  of  the  same  size  of 
other  irons  which  had  not  been  so  weakened. 

There  are  many  irons  valuable  for  many  purposes,  which  would  not 
yield  good  results  under  this  form  of  test;  but  however  valuable  for 
other  purposes,  the  material  which  proves  brittle  under  this  test  cannot 
be  expected  when  made  into  cable,  and  subjected  to  strains  of  a  similar 
nature,  to  prove  equal  to  its  tasks. 

Iron  which  is  materially  weakened  by  a  repetition  of  slight  sudden 
strains,  none  of  which  produce  preceptible  injury,  but  which  do  so 
injure  it  that  eventually  a  strain  no  greater,  and  perhaps  much  less,  than 
those  previously  encountered  will  destroy  it,  is  not  suitable  for  cable. 
Iron  whose  entire  strength  depends  upon  its  remaining  perfectly  free 
from  abrasion  or  slight  cracks  is  not  suitable  for  cables.  Our  tests  by 
impact  revealed  that  large  quantities  of  iron  possessing  the  above  de- 
fects had  been  accumulated  by  the  government, all  having  passed  satis- 
factorily the  examinations,  which  consisted  of  tension-tests  made  upon 
test-pieces  of  erroneous  proportions.  Much  of  this  iron  was  of  good 
materia],  but  the  low  price  at  which  it  had  to  be  supplied  in  order  that 
the  lowest  bidder  should,  as  the  law  directed,  receive  the  contract,  had 
necessitated  that,  in  order  to  make  it  cheap  enough,  but  very  little  work 
should  be  expended  upon  it. 

Our  experiments  demonstrated  not  only  its  want  of  value  in  its  pres- 
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ent  state,  but  that  also  by  thorough  work  it  could  be  vastly  improved, 
and  when,  in  addition  to  this  work,  material  of  no  greater  cost,  but  pos- 
sessing qualities  that  the  coarse  chain  iron  lacked  was  added,  we  found 
that  most  valuable  iron,  capable  of  resisting  all  strains,  was  produced. 

An  example  of  such  a  transformation  will  be  described.  The  material 
selected  was  taken  from  the  pile  of  2-^y '  chain  iron,  and  was  probably  as 
inferior  a  bar  of  iron  as  could  be  found  in  the  pile,  or  in  our  markets, 
there  being  in  the  stock  of  chain  iron,  however,  a  great  many  equally  as 
poor. 

These  bolts,  each  over  26"  long,  were  thoroughly  tested.  Several 
which  had  not  been  weakened  by  a  score  were  broken  square  in  two  by 
a  single  blow  of  the  hammer  dropped  25  to  30  feet;  others,  after  hav- 
ing been  struck  from  ten  to  twenty  times  by  the  hammer  from  a  height 
of  8  or  10  feet,  and  showing  no  injury  or  deflection,  would,  upon  receiv- 
ing another  blow  of  no  greater  force,  break  in  two;  other  bars  scored 
as  has  been  described  would  break  in  two  at  single  blows  of  from  1  to  3 
feet  drop. 

In  all  cases  the  appearance  of  the  fracture  was  the  same,  and  is  shown 
in  Fig.  1,  Plate  VI,  and  would  be  described  as  "bright,  coarse  granu- 
lous."  The  piece  photographed  was  broken  by  a  single  blow  of  the 
hammer  dropped  three  feet. 

The  fragments  of  this  bar,  with  those  of  several  others  of  the  same  lot, 
some  of  which  had  broken  by  even  lighter  blows,  were  piled  with  alternate 
layers  of  old  boiler  iron  (they  having  been  first  thoroughly  reworked), 
and  were  hammered  into  a  bloom,  from  which  a  bar  of  2"  diameter 
was  swaged.  This  was  cut  into  pieces  24"  long,  and  the  pieces  were 
scored  in  two  places  8"  apart,  and  then  tested  as  was  the  original 
bar,  except  that  each  drop  of  the  hammer  was  from  a  height  of  thirty 
feet.  The  first  score  received  ten  such  blows  before  it  was  entirely  torn 
in  two,  and  the  fractured  surface  appeared  as  shown  in  Fig.  2  of  same 
plate. 

This  bar  was  still  further  tested  to  ascertain  the  effect  of  low  temper- 
ature upon  the  strength  of  an  iron  of  this  description.  After  exposure 
for  twenty-four  hours  in  the  open  air,  the  temperature  averaging  about 
30°  Fah.,  the  second  score  was  subjected  to  impact  and  resisted  eight 
blows  of  30  feet  drop,  the  ninth  blow  cutting  iu  two  the  remaining  seg- 
ment at  the  top,  which  developed  a  fine  granulous  appearance,  as  shown 
at  b.  Fig.  1,  Plate  III. 

The  resemblance  of  the  segment  of  b  to  the  entire  face  of  Fig.  1,  Plate 
VI,  and  to  the  same  in  a,  Plate  III,  is  caused  by  the  fact  that  iu  each 
case  the  blow  which  produced  the  effect  was  so  far  beyond  the  power  of 
the  iron  to  resist,  that  the  fibers  were  cut  in  two,  as  if  struck  with  a 
chopping-knife. 

With  the  2"  bar  the  test  was  a  30  feet  drop  upon  about  £"  of  thick- 
ness which  had  already  been  weakened  by  the  shock  of  eight  as  heavy 
blows.  With  the  2^"  the  test  was  but  3  feet  drop,  delivered  upon  a 
bar  over  2£"  thick  which  had  sustained  no  previous  stress.  There  is 
between  them  a  difference  that  the  illustration  does  not  show  clearly. 
In  both  cases  the  fibers  are  cut  across  at  right  angles,  and  show  by  the 
fineness  of  the  bright  ends  in  the  2"  bar  that  the  material  was  good;  in 
the  other  bar  the  ends  of  the  fibers  are  coarse  and  large.  The  bright- 
ness of  the  first  resembles  to  a  certain  extent  that  of  fractured  steel; 
that  of  the  other,  fractured  cast  iron. 

The  fracture  shown  at  a,  Fig.  1,  Plate  III,  is  that  of  another  made 
upon  the  same  2"  bar,  which  had  withstood  the  extreme  tests  described. 
In  this  case,  however,  the  score  was  cut  much  deeper,  and  weights  being 
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added  to  the  hammer,  the  test-piece  received  a  blow  equal  to  6,000  foot 
pounds,  which  cat  it  in  two,  as  shown. 

The  extreme  difference  between  the  appearance  of  the  fractures  made 
upon  the  same  material  (and  it  of  great  resisting  powers),  by  different 
degrees  of  the  same  force,  indicates  that  it  is  unsafe  even  for  an  expert 
to  attempt  to  give  evidence  as  to  the  character  of  the  material  from 
which  a  bridge,  axle,  or  cable  that  has  been  accidentally  broken,  was 
made,  unless  he  knows  just  how  it  was  broken.  To  render  a  judgment 
upon  this  point  a  person  must  not  only  be  an  expert,  but  he  must  know 
by  what  character  and  amount  of  force  the  fracture  was  produced. 

The  fractures  illustrated  in  Fig.  2,  Plate  III,  supply  additional  evi- 
dence. The  three  were  made  by  impact  upon  the  same  bar  (of  iron  A, 
1|"  diameter),  which  was  scored  in  three  places,  8  inches  apart.  At  a 
the  score  was  slight,  and  the  piece  was  torn  in  two  by  repeated  light  blows. 

At  b  the  score  was  the  same,  but  after  the  bar  had  been  broken  half 
in  two  by  light  blows,  one  heavy  one  was  given,  which  cut  in  two  the 
remainder. 

At  c  the  score  was  deep,  and  one  heavy  blow  did  the  work;  a  would 
be  described  as  "all  fibrous";  b  as  "half  granulous  and  half  fibrous77; 
cas"  bright  granulous.77 

The  illustrations  given  in  Plate  VI  may  be  considered  as  represent- 
ing typical  fracture  by  impact  of  thoroughly  worked  and  of  insufficiently 
worked  irons.  The  first  will  bend  before  it  breaks ;  the  second  will  break 
without  bending. 

Irons  F,  Fa?,  O,  D,  H,  G-,  Pa?,  and  some  of  the  bars  of  B,  0,  and  P, 
resemble  more  or  less  in  their  characteristics  those  shown  in  Fig.  2; 
those  of  irons  N,  the  2"  bar  of  D,  and  some  of  those  of  B  and  O,  resemble 
Fig.  1,  as  did  most  of  the  contract  chain  iron. 

Reference  has  been  made  to  the  remarkable  difference  which  existed 
between  the  2"  bars  of  iron  D  and  the  smaller  bars  of  the  same  iron. 
No  description  can  mark  this  difference  as  plainly  as  a  photograph,  and 
such  photograph  was  accordingly  prepared.    (See  Plate  X.) 

In  the  first  pair  of  fractures;  the  contrast  between  the  2"  bar  and  a 
smaller  one,  as  developed  by  impact,  is  given.  The  2"  bar  was,  after 
being  scored,  broken  by  a  single  twenty-foot  drop  of  the  hammer,  show- 
ing no  deflection.  The  If7'  bar  was  but  slightly  cracked  by  a  blow  of 
the  same  force,  and  received  four  others  of  from  5  to  8  feet  drop  before 
rupture  was  complete. 

The  second  pair  show  the  action  under  tension  of  the  2"  and  1$" 
bars  of  the  same  lot,  the  former  showing  but  slight  reduction  of  area 
(2.1  per  cent.),  and  its  fractured  surface  resembling  very  closely  that  of 
the  fracture  made  by  impact,  the  latter  reducing  4U.7  per  cent.,  showing 
a  fibrous  surface. 

BARKING. 

A  peculiar  phenomenon  occurred  with  irons  of  a  certain  type  during 
the  test  by  impact,  which  was  given  the  shop  name  of  "  barking.77  Illus- 
trations in  Plates  IV  and  XII  will  give  a  clearer  idea  than  description 
can  of  this  phenomenon.  This  occurred  only  in  tests  of  very  tough  duc- 
tile iron  which  had  been  thoroughly  worked,  and  which  required  sev- 
eral repetitions  of  the  blows  to  break  it  in  two. 

As  the  deflection  caused  by  each  successive  blow  increased,  the  trans- 
verse crack  at  the  lower  part  of  the  test-piece  widened,  and  the  surface 
iron  became  detached  and  stood  open  like  a  detached  bark.  A  tough, 
gray  ligature  with  splintered  surface  connected  the  two  ends,  and  a 
finger  could  be  thrust  under  the  skin  on  either  side. 


126  TESTS   OP  METALS. 

Several  photographs  were  made  of  instances  of  this  action,  it  being 
deemed  peculiar  to  most  excellent  iron,  occurring  only  with  A,  G,  P, 
Fx,  and  O. 

CONTRAST  BETWEEN  APPEARANCES  OP  FRACTURES  OF  IRON  WHICH 
HAVE  RECEIVED  DIFFERENT  AMOUNTS  OF  WORK. 

The  illustrations  on  Plate  XIII  show  the  contrasting  action  of  irons 
Pa?  and  N,  when  tested  by  impact;  the  first,  a  choice  material  thoroughly 
worked,  deflecting  greatly  and  tearing  in  two;  the  second,  a  coarse 
underworked  product,  breaking  like  a  pipe-stem  by  a  blow  very  slight, 
as  compared  with  that  received  by  iron  P#,  the  latter  resisting  until 
the  fifth  30-foot  blow  was  given,  the  former  yielding  with  a  "  square  break  " 
at  a  single  20-foot  blow.  Tested  by  tension  alone,  iron  E  would  have 
been  rated  as  a  most  excellent  iron.  It  failed  under  impact  and  as  a 
cable.  In  the  second  group,  same  plate,  the  test-pieces  illustrated  are 
those  of  irons  P  and  F,  broken  by  tension.  These  irons  were  rather 
overworked,  and  contracted  nearly  50  per  cent,  in  area.  They  were  ex- 
cellent bar  iron,  but  not  as  valuable  for  cable  as  they  would  have  been 
with  less  work,  the  welds  not  proving  reliable. 

CRYSTALLIZATION. 

The  question  as  to  whether  crystallization  can  be  produced  in  iron 
by  stress,  or  by  repetition  of  stress  with  alternations  of  rest,  or  by  vibra- 
tion, has  been  very  much  discussed,  and  very  opposite  views  are  enter- 
tained by  experts:  therefore  it  was  considered  that  any  data  which 
might  be  gathered  during  our  tests,  bearing  upon  this  point,  would 
possess  a  value. 

We  have  met  with  but  one  unmistakable  instance  of  crystallization 
which  was  probably  produced  by  alternations  of  severe  stress,  sudden 
strains,  recoils,  and  rest. 

The  connecting  rod  of  the  chain  prover  was  5"  in  diameter,  had  been 
in  use  for  forty  years,  and  had,  during  this  period,  been  frequently  sub- 
jected to  stress  up  to  250,000  pounds,  with  recoils  produced  by  rupture 
of  test-pieces. 

It  was  carefully  made  in  the  anchor-shop,  being  hammered  from  the 
best  quality  of  wrought-iron  scrap;  it  is  not  probable  that  any  section 
of  it,  if  broken  when  first  made,  would  have  displayed  crystalline  struct- 
ure, but  while  we  were  testing,  it  parted  one  day  at  less  than  200,000 
pounds  stress,  and  the  surface  of  the  fractured  ends  showed  well-defined 
crystallization,  the  facets  being  large  and  bright  as  mica;  the  ends  hav- 
ing become  injured  by  rust,  the  bar  was  again  broken  by  impact  at  a 
point  distant  over  a  foot  from  the  first  fracture,  and  the  same  appear- 
ance was  found  which  is  shown  in  the  illustration,  Plate  V,  Fig.  1,  the 
original  of  which  is  now  in  the  cabinet  of  the  Stevens  Institute. 

A  second  case,  not  so  marked,  occurred  as  represented  in  Fig.  2,  same 
plate,  the  article  being  a  fractured  shackle. 

IMPACT  TESTS. 

The  records  of  tests  by  impact  begin  with  the  history  of  an  examina- 
tion made  upon  the  contract  chain  iron  in  store,  made  by  the  chairman 
of  these  committees,  acting  under  the  instructions  of  the  Navy  Depart- 
ment, with  the  object  of  ascertaining  the  character  of  the  iron  on  hand, 
and  the  effect  upon  such  as  was  found  unsuitable  for  cables,  of  thorough 
reworking. 

This  iron  was  stowed  in  piles  classified  by  diameters.  Most  of  it  had 
been  received  during  the  war  from  such  contractors  as  had  bid  lowest, 


TESTS   OF   METALS.  127 

and  its  origin  beyond  this  point  was  unknown;  its  general  character,  as 
found  by  this  examination,  was  worthless  in  its  present  state.  The  re- 
sults of  the  experiments  in  reworking,  and  in  combining  it  with  scrap 
iron  of  superior  quality,  were  such  that  the  iron  produced  was  pro- 
nounced by  the  Chief  of  the  Bureau  of  Steam-Engineering  as  "at  least 
equal,  if  not  superior,  to  the  best  commercial  iron,  at  less  cost." 

The  department  at  this  date,  needing  a  2"  cable  for  a  frigate,  and  be- 
ing convinced  that  the  stock  of  chain  iron  of  this  size  was  unreliable, 
authorized  the  construction,  under  the  supervision  of  the  chairman  of 
these  committees,  of  the  required  cable  from  the  condemned  material  on 
hand.  This  was  accomplished,  and  the  daily  tests  of  the  blooms  from 
which  the  bars  for  this  cable  were  rolled  is  given  under  the  head  on 
"hammered  iron." 

From  these  hammered  blooms  the  required  2"  bars  were  rolled  in  the 
copper  mill  by  green  hands,  and  their  record  is  given  as  that  of  "  iron 
A."  No  bar  was  permitted  to  enter  into  this  cable  which  had  broken  at 
less  than  three  30-foot  blows.  The  fag  ends  and  rejected  bars  were 
rolled  down  to  smaller  sizes  and  tested  as  such,  there  being  348  tests  by 
impact  made  upon  this  iron,  which  are  recorded,  besides  many  experi- 
ments not  recorded  or  preserved.  The  remainder  of  the  tests  by  impact 
have  been  made  on  such  bars  as  we  have  procured,  and  had  already 
tested  by  tension. 

When  not  otherwise  specified,  the  length  of  each  of  the  pieces  tested 
was  equal  to  twelve  times  the  diameter,  these  being  the  usual  dimen- 
sions of  chain  cable  bolts. 

These  were  scored  by  a  pipe-cutting  machine  to  a  depth  of  -8V'?  either 
at  the  center,  or  at  two  points  equidistant  from  the  ends  and  the  piece 
was  when  tested  placed  so  that  the  wedge-shaped  hammer  struck  the 
score. 

With  nearly  all  of  the  contract  chain  iron,  the  slight  resistance  offered 
by  the  first  score  was  reduced  to  but  a  small  percentage  of  itself  when 
the  other  scores  were  struck,  hence  it  is  not  considered  necessary  to  retain 
their  record,  and  the  results  in  the  table  are  those  procured  from  the 
first  scores. 

EXPLANATION  OP  SYMBOLS  USED  IN  TABLES 

The  symbols  by  which,  in  the  tabulated  results,  the  effect  of  the  blows 
are  described  signify  as  follows: 

"V,"  that  a  fine,  silvery  line  has  become  visible  on  the  lower  part  of 
the  score,  indicating  an  approach  to 

"  S  C,"  a  slight  crack,  in  which  a  needle-point  could  be  inserted,  and 

"C,"  a  crack  wide  and  deep  enough  to  insert  the  edge  of  a  knife. 

"  +,"  an  increase  of  the  opening,  but  not  enough  to  term 

"B  C,"  a  bad  crack. 

"F  or  T  B,"  a  fracture  in  which  the  ends  are  torn  apart,  leaving 
long,  jagged  splinters.    ( See  Plate  XIII,  Fig.  1.  P#.) 

ui  F,"  an  incomplete  fracture  of  the  same  nature,  the  ends  still  re- 
maining connected.    ( See  Plates  IV,  IX,  and  XIL) 

"  d  ,"  a  short,  square  break,  with  little  or  no  deflection,  the  fractured 
surfaces  showing  smooth,  as  though  cut  in  two.  ( See  Plates  III,  VI,  X, 
and  XIII.) 

"Closed  to  hammer,"  the  test-piece  is  bent  to  from  110°  to  120°,  and 
in  contact  with  the  face  of  the  wedge  of  the  hammer.  ( See  Plates  IV 
and  XII.) 

"Closed  down,"  the  piece  has  been  still  further  closed  under  the 
steam  hammer,  until  the  sides  are  in  contact  the  whole  length.  (See 
Plates  VII,  VIH,  and  XL) 
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Record  of  tests  by  impact, 
CONTRACT  CHAIN  IKON. 


<i 

P. 

1 

o 

Drop  in  feet  and  effect. 

1 

o 
u 

First. 

Second. 

Third. 

Fourth. 

Fifth. 

Remarks. 

1 

1 

! 

I 
W 

I 

1 

I 

| 

I 

4* 

i 

1 

10 
14 

6 
10 

0 

D 

a 

V 

a 

There  were  two  varieties  of  iron  in  the  Ave  pieces 
tested:  one  coarse  and  brittle,  the  breaks  of 

fl 

a 

8 

c 

10 

F 

which  are  marked  G ;  the  other  a  fair,  fibrous, 
tough  iron.    The  former  predominated. 

4 

5 

10 

V 

11 

C 

13 

+ 

14 

F 

ft 

?A 

6 
4 

1 
4 
6 

a 
a 

V 

D 
V 

In  addition  to  the  tests  recorded  upon  this  size, 
there  were  probably  a  hundred  pieces  broken 
at  various  times,  with  results  no  hotter  than 

7 

8 

4 

.... 

6 

C 

6 

a 

0 

those  recorded.   Among  these  tests  were  a  num- 

10 

e 

D 

ber  where  tho  bar  was  struck  a  number  of  light 
blows  of  from  f  to  1|  foot  drop  in  rapid  succes- 
sion, and  although  apparently  uninjured  by  any 
short  of  the  fracture,  it  was  eventually  broken 
square  in  two  by  a  blow  of  no  greater  force. 
Bars  not  scored  were  broken  by  blows  of,  in  one 
case,  one,  in  another  two,  and  in  others  five,  30- 
feet  drops;  in  all  cases  apparently  uninjured 
until  the  last  blow.  This  lot  was  selected  for 
experiments  in  reworking  and  mixing.  Tho  re- 
sults of  thorough  rework  and  mixing  with  old 
boiler-iron  are  shown  in  the  illustrations  of  fract- 
ures by  impact,  Plate  VI,  and  by  tension,  Plate 
I ;  the  specimens  photographed  being  from  it. 

11 
1? 

2 

7 
17 
10 
14 
15 

8 
8 
3 
5 
5 

10 
8 

10 

*v" 

a 
c 

a 

c 

D 

c 

a 

8 
17 

11 

14 
15 

"6" 

V 
V 

0 
17 
11 
12 
15 

V 

a 

% 

C 

10 

c 

12 

D 

A  number  of  bolts  tested  showed  that  in  the  lot 
there  was  some  fair  iron,  but  the  presence  of 
other  pieces  of  coarse,  granulous,  brittle  iron 

13 

11 
12 
15 

F 
F 
F 

14 

15 

16 

In  testing  one  of  the  bars,  the  blow  which  was 
withstood  by  the  scoro  struck,  broke  in  two  the 
score  several  inches  from  it.    This  lot  of  iron 

17 

8 

D 

18 

10 

4 

5 

C 

D 

4 

D 

was  uo  thoroughly  worthless  that  it  was  con- 
demned, and  to  supply  its  place  in  the  manu- 
facture of  a  cable  needed  for  the  United  States 

?0 

?1 

7?, 

7 

D 

frigate  Tennessee,  the  experimental  cable  was 
produced,  and  its  record  compared  with  this  of 
the  2"  iron  on  hand  presents  a  great  contrast. 
Some  experiments  wero  made  in  reworking  this 
lot,  and  in  mixing  it  with  old  boiler  iron.  In  one 
case  a  bloom  was  hammered  from  a  pile  which 
consisted  of  four  layers  of  the  2"  thoroughly 
reworked  and  flattened,  and  three  layers  of  hoop 
iron  on  hand.  The  bloom  was  swaged  into  test- 
piocos  2"  in  diameter  and  24"  long,  and  was 
scored  in  two  places  and  tested  by  impact,  with 
the  following  results,  viz :  first  piece,  first  score, 
broke  half  in  two  at  third  30-foot  drop;  second 
scoro  broke  entirely  in  two  at  fifth  blow  of  25- 
foot  drop.  Another  bloom  made  in  the  same 
way,  except  that  some  Swedish  iron  on  hand 
was  substituted  for  the  hoop  iron,  broke  readily 
at  light  blows. 

?3 

7A 

J4I 

f 

7 

a 

4 

e 

17 
13 
10 
0 
6 
8 

'u 
c 

a 
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D 
D 
D 

a 

n 

8 

V 

6 

C 

6 

a 

The  entire  lot  was  a  coarse,  granulous,  brittle 
iron,  and  was  condemned. 

25 

9ft 

4 

4 

D 
C 

27 
78 

8 

+ 

10 

+ 

10 

F 

«) 

This  lot  was  coarse,  granulous,  and  resembled 
very  much  an  inferior  oast  iron,  being  full  of 

80 

81 

89 

88 

84 

85 

lit  o 

H 

D 

PLATE  V. 
Fig.    i. 
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Record  of  tetto  by  impact— Continued. 
Cohtract  Chain  Iboh— Continued- 


1 

o 

1 

a 

t 

i 

S3 

Drop,  in  feet,  end  effect. 

First 

Second. 

Third. 

Fourth. 

Mflh. 

"Remarks, 

o 

q 

- 

i 

4* 

« 

I 

*3 

1 

p 

fa 

! 

I 

I 

38 

<« 

}l 
«« 

«t 

JA 

«« 
** 
«« 

»« 

** 
it 
«» 

u 

it 
«t 
tt 

!.* 

It 
*« 
(t 

H 

? 

14 
17 
12 

8 

5 

5 
8 

4 

4 

8 

4 

i 

8 

2 

4 
5 

4 

5 

?! 

8 
4 

8 

2 

II 

5 

4 
8 
8 
84 

4 

? 

4 
4 

3 
4 

4 
4 
8 

D 
D 

a 
"a* 

c 
c 

a 

D 

a 
a 

c" 

a 

D 

a 

D 

a 
a 

a 

"a" 
a 

"p" 

The  iron  wm  of  a  fine  silvery  grain,  bnt  was  oon- 
damned ;  and  this  lot  furnished  the  material  from 

$rr 

38 

which  a  large  portion  of  the  betterpart  of  the 
experimental  cable  was  made.     The  tensile 

39 

6 

.... 

8 

V 

8 

G 

40 

strength  of  one  piece  was  49,000  pounds  per 
square  inch.  Reworked,  its  tensile  strength 
was  54,000  pounds.  Three  cable  links  made  from 
it  broke  at  182,000, 172,000,  and  158,000  pounds. 
A  single  link  of  this  else  should  not  break  at 
less  than  230,000  pounds. 

The  entire  lot  was  of  poor  quality.  Tested  by 
tension,  one  piece  showed  51,000  pounds  per 
square  inch;  tested  as  cable,  three  links  broke 
at  137,000, 137,000,  and  191,000  pounds. 

A  single  link  of  this  size  should  sustain  over 
220,000  pounds. 

Coarse  and  granulous;  it  was  so  much  improved 
by  reworking  that  it  was  used  largely  in  the 
manufacture  of  the  experimental  cable.  The 
tensile  strength  as  given  by  two  tests  was  58,000 
pounds  per  square  inch.  As  chain  links,  six 
were  broken  as  follows,  vis:  170,000,  129,000, 
125,000. 123,000, 147,000,  and  150,000  pounds.  Re- 
worked thoroughly,  a  swaged  bar  2"  in  diameter 
stood  six  blows  of  17-feet  drop  each,  and  another 
eight  blows  of  9-feet  drop  each. 

The  power  of  this  lot  of  iron  to  resist  shocks  was 
below  our  facilities  for  finding  out.  a  blow  of 
f-foot  drop  breaking  it  as  completely  as  one  of 
80  feet,  the  highest  delivered.  A  glass  bar  of 
the  size  could  hardly  have  yielded  more  readily. 

There  were  evidently  at  least  two  varieties  in  the 
pile,  one  a  fairly  tough,  well-worked  iron,  the 
coarse,  granulous. 

41 

14 
12 

n 

a 

4? 

43 

44 

46 

441 

47 

8 

4 
8 

a 

D 

a 

48 

49 

50 

M 

5? 

53 

54 

55 

58 

4 
5 

57 

c 

V 

4 
6 

F 

a 

58 

50 

80 

81 

8 

c 

8 

F 

Generally  of  a  fair  quality,  although  there  were 

evidently  differences  in  the  pile. 
This  lot  was  not  condemned. 

8? 

83 

84 

F 

a 

D 

a 
c 

a 
a 

85 

88 

4 

V 

4 

+ 

4 

0 

3 

F 

Generally  bright,  granulous ;  not  enough  worked. 

87 

88 

88 

1* 

9 

70 

1* 

F 

71 

Fine,  close  fiber,  and  broke  generally  with  a 
ragged  fracture.  Its  record  was  fair  on  many 
bolts,  but  there  was  evidently  a  mixture  of  some 
very  brittle  iron  in  the  lot. 

73 

73 

74     " 

F 

a 
a 
a 
a 
a 

a" 
a 

V 

a 

75 

tt 

t« 

1 
tt 
tt 
tt 
** 

8 

c 

8 

F 

78 

This  lot  was  generally  coarse,  and  had  received 
but  little  work.  An  occasional  piece  showed 
superior  qualities,  but  it  was  evidently,  as  a  lot, 
cheap  iron. 

77 

78 

79 

80 

81 

4 

c 

8 

+ 

8 

*F 

A  fine,  fibrous  iron.  The  breaks  marked  |  F  were 
but  half  in  two,  the  iron  deflecting  to  the  angle 
of  the  hammer. 

8ft 

83 

84 

4 

+ 

4 

** 

9R 
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Record  of  test*  by  impact, 

[Blooms  from  which  ban  of  iron  A  (experimental  cable)  were  rolled,  and  called.] 

Hammered  Iron. 

ftft-ptoes— Bars  24"  long,  2"  in  diameter.    Scored,  A"  deep.    Bach  drop  of  hammer  from  height  of  30 

feet. 


1 

Number  o 

fdrop, 

and  effect. 

n 

I 

I 

l 

1 

1 

i 

1 

Bemarks, 

80 

87 

V 

V 

V 
V 

+ 

+ 
+ 
+ 

+ 

C 
F 

+ 

c 

F 

F 

January  22. 
86°  to  48°  F. 
....do 

Fine  clone  fiber. 
Do. 

88 

do 

Do. 

89 

F 

...  do 

Fine  bright  fiber. 

Tested  by  tension. 

90  per  cent,  bright  granuloua ;  condemned. 

70  per  cent,  bright  granuloua ;  condemned. 

90 

....do 

91 

F 
C 
V 

V 

V 

V 
V 
V 
V 

V 

V 
V 
V 
V 

V 

V 

V 

V 

V 
V 

V 

F 
F 
V 

V 

V 
V 
0 
V 

c 
c 

8C 
C 

F 

F 
F 
F 
F 
F 
F 
F 
F 
V 
F 
F 
F 
F 
V 
F 
F 

...do 

9? 

F 
F 

C 

F 

F 
F 

+ 
+ 

C 

F 
F 

F 

+ 

+ 

+ 

+ 

F 

F 

+ 

+ 

....do 

98 

....do 

94 
95 

+ 

F 

January  23. 
28©  to  340. 

January  25. 

81°  to  34o. 

...do 

Bright  granuloua  and  gray  fiber,  50  per  oent  each. 

80  per  cent,  coarse  granuloua ;  condemned. 

90  per  cent,  coarse  granuloua ;  condemned. 
All  dull  gray ;  condemned. 

98 

97 

...do 

98 

F 

+ 

F 

....do 

99 
100 

C 

F 

....do 

January  26. 

21°  to  27°. 

....do 

Long  gray  fiber. 

101 

Do. 

10? 

....do 

Interval  of  24  hours  between  blows. 

10ft 

....do 

60  per  cent,  bright  granuloua ;  condemned. 
60  per  cent,  gray  fiber. 

76  per  cent  long  fiber. 

60  per  cent,  long  fiber. 
80  per  oent.  long  fiber. 

90  per  oent.  bright  granuloua;  condemned. 

60  per  oent.  bright  granuloua;  condemned. 
60  per  oent.  long  fiber. 

This  lot,  except  No.  114.  seemed  to  need  more  work, 
as  they  showed  bright  granuloua.  short  breaks. 
They  were  reheated  and  thoroughly  reworked, 
then  retested  as  per  record  from  15  to  22. 

104 

C 

+ 

F 
F 

F 
F 

....do 

105 
108 

January  27. 

21°  to  35°. 

...  do 

107 

....do 

108 

January  27. 

21°  to  86°. 

....do 

109 

110 

F 
F 

....do 

111 

January  28. 
...do 

m 

118 

114 
115 

+ 

+ 
+ 

i 

F 
+ 
F 

+ 

F 

C 
C 

C 

F 

....do 

January  29. 
87°  t. 

....do 

....do 

116 
117 

* 

F 

118 

...do 

Condemned. 

119 

c 

F 

....do 

1?0 

....do 

Condemned. 

1V1 

....do 

Condemned* 

1?? 

F 

....do 

m 

....do 

Condemned. 

134 

January  30. 

38°  to  39°. 

....do 

This  lot  failed  utterly,  the  center  showing  a  bright 
steel-like  surface,  the  fractures  clean  with  but 
little  fiber.    The  day's  work  was  reheated,  re- 
worked, and  again  tested  (128  to  140)  with  no 
improvement     An  examination  revealed  taut 
some  patches  of  boiler-steel  that  had  been  put  on 
the  old  boilers  had  been  largely  incorporated 
with  the  boiler-iron.    Had  this  lot  been  subjected 

125 

1?8 

....do 

1?7 

....do 

178 

• 

....do 

1?9 

...  do 

180 

....do 

181 

....do 

to  tension  tests  alone  it  wooM  have  been  con- 

13? 

...do 

sidered  valuable.    A  bar  of  it  broke  at  172,800 

133 
184 

+ 

c 

F 



...do 

....do 

pounds,  equal  to  55,000  pounds  to  the  square  inch, 
and  its  elastic  limit  was  at  nearly  32,000  pounds. 
The  test  by  impact  revealed  its  worthlessneae 
and  it  was  rejected. 

18% 

....do 

188 

....do 

187 

188 

O 

F 

....do 

130 

....do 

140 

....do 
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Record  of  ietU  &#  impao*— Continued. 
Hamxebbd  Iron — Continued. 


1 

Number  of  drop,  and  effect. 

0 

a 
a 

I 

1 

i 

I 

ft 

Bemarks. 

141 
14? 

V 
V 

c 

sc 

+ 

F 

F 

January  80. 
33°  to  390  F. 
....do 

A  change  in  the  bofler-lron  unproved  thia  lot. 

95  per  cent,  long  fiber. 
Tested  by  tension. 

148 

....do 

144 
145 

V 

*y" 

V 

V 
V 
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V 

sc 

V 

+ 
c 

t 

c 

t 

+ 

8C 
F 

c 
p 

F 

SC 

8+C 
C 

F 
F 
C 
F 

February  2. 

80°  K 
...do  ....... 

90  per  cent,  long  fiber. 

....;Tdo  .....717. 

146 

....do . ...... 

do 

147 

....do  ....... 

do 

148 

do 

do 

149 

February  8. 
440  to  54°  F. 
....do 

Long  gray  liber 

190 

F 

do 

151 

....do 

do 

„  1A"  contract  chain- 
iron   and  boiler- 

15? 

...do 

Tension  test 

153 

V 
V 

+ 
c 

sc 
c 
c 

sc 

c 

+ 

+ 
p 

F 

c 

F 
F 
F 

...  do 

plate. 

154 

February  4. 
25°  to  27°  F. 
...do 

Long  gray  fiber- _, ,, 

155 

do 

150      A  c 

....do 

do 

157 

V 
V 

....do 

do 

158 

F 

....do 

do 

159 

....do 

Tension-test  ........T....T.. 

160 
161 

sc 

V 
V 

c 

8+C 

+ 

F 
F 

•V"" 

F 

February  6. 
13°  to  21°  F. 
...  do 

60  per  cent,  long  fiber 

50  percent,  long  fiber 

......do 

ltf"  contract  chain- 
'      iron  and  boiler- 

162 

do 

163 

Tension-test 

plate. 

164 

V 
V 
V 
V 
V 

sc 
sc 

c 

c 

c 

c 

F 
F 
F 

+ 

F 

165 

....do 

Lome  fiber 1 

166 

....do 

do 

do 

lit"  contract  chain 
>     and   charcoal 

167 

....do 

168 

F 

....do 

do 

bloom  gun-bands. 

(A) 

February  6. 
27°  to  34°  F. 
....do 

Tension-test ] 

<*> 

(A 

sc 

+ 

+ 

c 
c 

+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 

c 

F 
C 

+ 
C 

c 

F 

*/ 

F 

F 

F 
*F 

Long  fiber.................. 

ltt"  contract  chain- 
iron    and   boiler- 
plate. 

do 

do 

id)      V 

....do 

Broke  half  in  two 

169 

V 
V 

V 

V 

V 

V 
V 

V 

...do 

Long  fiber 

170 

F 
F 

February8. 

9°  to  19  F. 

....do 

Lonfsrav  fiber 1 

Iff"  contract  chain 
experimental    ca- 
k     ble-iron     and 
boiler-plate. 

W  contract   iron 
and  boiler-plate. 

171 

......do 

17? 

....do 

do 

173* 
174 

0 

*F 

+ 

+ 

February  9. 

8°to9°F. 

....do 

Long  fiber,  broke  on  sixth  ' 

blow. 
do 

Vt 

*F 

....do 

do 

176 

February  10. 
2°  to  16°  F. 

Dark  gray  fiber 1 

177 

do 

178  '    V 

....do 

do 

179      V 

do 

do 

180       V 

....do 

do 

1-ft"  chain-iron  and 
gun-bunds. 

1K1 

....do 

Tension-test 

IK? 

V 
V 

ft  n 

+ 

+ 

+ 
+ 

+ 

1  F 

SC 

C 
SC 

SC 
F 

r  f 

February  1L 

24°  to  32  F. 

....do 

Long  gray  fiber. .- 

183* 
184 

+ 
|F 

C 

F 
F 

Long  gray  fiber,  broke  half 

in  two  on  sixth  blow. 
Long  gray  fiber 

185  !    V 

February  12. 
19°  to  28°  F. 
....do 

Long  fiber • 

186       V 

Do. 

187  '    V 

....do 

Do. 

168 1  y 

....do 

Da 
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Record  of  tote  by  foptuf— Continued. 
Hammered  Ibox— Continued. 


Number  of  drop,  and  effect. 


1 


J 


180 

190 
191 
192 
198 
194 
195 
196 


197 
198 
199 


SC 


SO 
F 
F 
C 


** 


February  16. 
1°  to  80©  F. 


23°! 


I«°og  gray  fiber. . 


F 
F 
F 


.do. 

.do™ 

-do.... 

.do.... 

.do...., 

.do.... 

..do.... 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Experimental  cable- 
iron,  gun-bands,  and 
boiler-plates,  piled 
in  five  layers:  1st, 
three  sheets  boiler- 
,te;     2d,    gun- 


ios*  3d,  experi- 
mental cable-iron  x 
4th,  gun-band,  and 
6th.  four  sheets 
boiler-plate. 


.do. 
..do. 
.do. 
.do. 


Do, 
Do. 
Do. 
Do. 


Effect  and 


degrees  of  deflection  at  each 
80-foot  drop. 


201 

202 
208 
204 
205 

206 

207 

208 

209 
210 
211 

212 

218 
214 
215 

216 

217 
218 
219 

220 

221 
222 

228 

224 
225 
226 
227 


o 
V.19 

V.19 

V.  17 

V.18 

V.  17 

V.18 
&C.19 

V.18 

V.18 
V.18 
V.18 

V.25 

V.27 
V.25 
V.25 

V.  17 

V.18 

V.18 

F. 

V.  17 

V.28 
V.17 

V.19 

V.15 
V.17 
V.20 
V.14 


+29 

+26 

+26 

&C.30 

+86 
B.C.58 

S.C.80 

&C.33 
G.38 
C.88 

+88 

+88 

+38 

&C.83 

+29 

+84 
+88 


0.57 

0.60 

0.40 

&0.89 

F. 

F. 
F. 


F. 

S.C.70 

F. 
F. 
F. 

C.  44 

C.45 
F. 


B.C. 


F. 


February  15. 
10°  to  11©  F. 

i ...do ....... 

...do 


....do 

February  16. 
9°  to  19°  F. 

....do 

....do 


From  No.  95  to  the  end  of  the  tests  the 
deflection  at  each  blow  was  measured 
and  noted. 

80  per  cent  long  gray) 
fiber.  flA"  chain-iron 

90  per  cent  long  gray  >    and  boiler- 
fiber.  [     plate. 

All  long  gray  fiber.       J 


50  per  cent  gray  fiber. 


W  oontract 
chain  iron  and 


February  17. 
17©  to  2#>  F. 

....do 

....do 

..-.do 


do 


..do... 
..do... 
..do... 


F. 


February  19. 
21°  to  26<>  F. 

....do 

....do 

....do 


.do. 


do.. 

do.. 

do.. 


lAf'  oontraot 

>    chain-iron  and 

boilerplate. 


l<rV'  oontraot 

-    chain-iron  and 

boiler-plate. 


B.C.70 
F. 


February  20. 
82©  to  830  F. 
....do  ....... 

....do 

....do 


.do. 


+29 

+» 
+26 


+39 

+35 

+34 

a  0.29 


&C.40 

&C.47 
&C.86 


S.0.89 

ac.44 

0.49 
0.89 


F. 
F. 


February  22. 
29°  to  45©  F. 

....do 

....do 


Jl«"  oontract 
onain-iron  and 
boiler-plate. 

Gl»*  4ber }  UT  oontr.ot 

j-  >  .chain-iron  and 

::::::SS::::::::::::::::j  ***&**- 


Rc.49 

B.C.70 
F. 
F. 


February  23. 
40°  to  580  F. 

....do 

....do 

....do 

....do  ....... 


90  per  oent  gray  fiber  .  ] 
Bright  center J 


TESTS  OF  METALS. 

Jtaord  of  forts  by  impact— Continued. 

Hammered  Ibon— Continued. 
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l  degrees  of 


■foot  drop. 


deflection  at  each 


230 
281 


234 


236 
237 


241 
242 


244 
245 
246 
247 

248 

249 
290 
251 


254 
255 
266 
257* 


261 
262 


264 

265 
266 
267 

268 
260 
270 


V.15 

V.17 
V.17 
V.17 
V.17 
V.18 

V.17 


V.18 

V.15 
V.17 
V.18 


V.10 

V.20 
V.17 

V.18 

V.10 

V.18 
V.17 
V.18 
V.18 

V.17 

V.17 
V.17 
V.17 

V.18 

V.18 
V.17 
V.17 
V.17 
V.17 

V.19 

V.18 

V.17 
V.17 
V.18 

V.18 

V.15 
V.18 
V.17 
V.17 

V.18 

V.18 

S.C.01 


+29 

C.29 
&C.80 

F. 
&C.29 
&C.35 

&C.30 


+88 

+26 
&C.80 


+88 
+88 

acao 

+29 

&C.27 
+80 

a  C.29 
+38 
+38 

+29 

a  so 

8.  C.29 

+29 

C.29 
&C.80 
8.C.83 

+2 
+27 

a  C.29 


a  C.29 
&C.85 

+35 

ac.85 

+33 

ac.85 

B.C.34 
C.29 

C.34 

C.34 

B.C.42 


e 

ac.4o 


f. 

C.57 


B.C5.0 


February  24. 
46°  to  54*  F. 


F. 
F. 


C.45 


ac.47 


ac.88 

B.C.62 


+47 

ac.44 

C.47 

C.a45 

C.52 
C.50 

<X47 

ac.4o 
ac.44 

a  C.52 

F. 
C.42 

ac.44 

C.57 

4-44 

ac.4o 

+42 
C.40 
C.50 


F. 
C49 


C49 
F. 
F. 

+42 

B.C.50 
B.C.51 
F. 


F. 

C.68. 

C00, 
F. 

ac.58 


ac.70 

+70. 
F. 


F. 
F. 

t*. 

|F. 
0.55 


do. 
.do. 
..do. 
..do. 
.do. 


75  per  cent  gray  fiber.. 


An  gray  fiber 

do 

Bright  grannlous 

do 

90   per  cent    bright 

granulous. 
Betest  of  No.  125  after 

reworking. 


W  chain-iron 
and  boiler- 


F. 
F. 


C62. 


jr. 

C93. 


February  25. 
530  to  550  F. 

...do 

...do 

...do 


Long  fiber.. 


.do. 
.do. 


February  25. 
530  to  55P  F. 

...do 

...do 


Long  fiber;  oloaed  un- 
der steam-hammer 
until  ends  were  but 
8"  apart,  without 
breaking. 


Long  gray  fiber . 


W 


ohain-lron 
L  boiler- 


.do. 
.do. 


lift"  ohi 

}    and  b 
J     Pi*** 


.,     ohain-lron 
and  boiler- 


February  26. 
32»  to  450  F. 

do 

...do 

do 

....do 

....do 


Long  gray  fiber . 

do 

.....do.......... 

do 

, do 

do 


H"  and  1A" 
chain  iron  and 
boiler  plate. 


February  27.t 
85o  to  43o  F. 

...do 

...do 

...do 


Gray  fiber 1  The  contract 

I     chain  iron  and 

do >    fag  ends  of 

do I     experimental 

do J     cable  iron. 


B.C.94 


T.C.80 
C.55 

+85 
&G.60 

B.C.57 

C.68 
...j.... 

*F. 

F, 


F. 
F. 

IF. 
570. 


March  3. 
81°  to  290  F. 

...do 

....do . ...... 

....do 

...do 

...do 

...do 


Closed  under  steam-hammer. 


fiber. 


March  4. 
26°  to  80°  F. 
....do 

.do 

.do 


Long  gray  fiber;  stood 

a  6"  blow  unbroken. 

Long  gray  fiber 

All  fibrous 


..do 

..do 

..do 


B.C.57 


F. 
F. 


March  5. 
29°  to  81°  F. 

....do 

do 

...  do 

March  a 
88°  to  40°  F. 

....do 

....do 

..-.do 


Long  gray  fiber . 


...do 

...do 

...do 

...do 


.do., 
.do., 
-do. 


Iff'  chain  iron 
and  boiler 
plate. 


IrV'  chain  iron 
>    and  boiler 
plate. 


Iff"  chain  iron, 
boiler  plates, 
and  fag  ends  of 
experimental 
cable  iron. 


t  A  portion  of  the  blooms  hammered 
iron  A,  the  record  of  which,  under  ' 
of  bars  and  links,  tfos.1  to  19. 


this  day  were  rolled  down  and  became  the  bars  from  2"  to  1"  of 
as  bars,  is  given  Nob.  139  to  162,  and  the  comparative  strength 
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TESTS  OF  METALS. 


Jboord  of  Uttt  hf  impact— Continued. 
Hammkrbd  Iron— Continued. 


Bffeot  and  degree*  of  deflection  at  each 
90-foot  drop. 


t 

6 


271 

272 
273 
274 

275 

276 
277 
278 

270 

280 
281 


284 


286 
287 


280 
281 


284 

295 
286 

297 

298 
299 

900 

801 
902 
903 
804 


V.  18 

V.  17 

V.  19 
8.C.19 

C.  18 

V.15 
V.  15 
V.  12 

V.17 

V.  17 
V.15 
V.17 

V.17 

V.17 
V.15 
V.17 
V.18 

F. 

V.18 
V.17 

V.17 

V.17 


+31 

S.C.88 
C.  89 
C.  80 

F. 

(f  27 
C.  28 


8.C.27 
+80 
+30 

+27 

S.C.29 

F 

+27 


|F. 


C. 
F. 
F. 


March  8. 
88°  to  38°  F. 

....do 

...do 

....do 


+I8 

F. 

C.47 

F. 

&C.50 

F. 

8C50 

F. 


March  9. 
82°  to  370  f. 

...  do 

....do 

....do 


F. 
C.58 


March  10. 
31°  to  46o  F. 

...do 

..  do 

...do 


C.40 
F. 


March  11. 
34°  to  48o  F. 

...do 

....do 

....do 

—  do 


F. 

F. 

+33 
+30 


.do. 
do. 
do. 


F. 
F. 


March  12. 
4«oto63oF. 

....do 

....do 


S.C.15 

V.15 
8.C.17 

V.18 

V.17 
V.18 

V.15 

V.15 
V.17 
V.17 
V,  15 


+25 

+80 
C.  83 

+27 

S.C.33 
S.C  83 

+83 

+30 

+30 

S.C.86 

+29 


B.C.47 

B.C.57 
B.C.60 

C.47 

C.52 

+*7 

C.57 

C.50 
**• 

&45 


F. 

|F. 
IF. 

+62 

F. 
C.75 

F. 

F. 


March  16. . 
470  to  560  F. 

....do 

...do 


*F. 


*F. 


March  16. 
48©  to  540  F. 

...do 

...do 


F. 
F. 


March  17. 
880  to  350  F. 

....do 

....do 

....do 

....do 


1 1«"  ohain  iron. 


Longgray  fiber..  ^ 

do >  and  fag  ends  of 

95  per  cent  gray  fiber.  I  experimental 

All  gray  fiber J  cable  iron. 

80  per  cent,  fiber 1 

[  Iff'  chain  iron 

90  per  cent,  fiber >  and  boiler 

40  per  cent,  fiber I  plates. 

80  per  oent  granulous-  J 


Gray  fiber. 


.do. 
do  . 
.do. 


1^"  ohaln  iron 
And  boiler 


90  per  cent  gray  fiber. 
Bright  center 


80  per  cent,  bright . 
All  fib 


W  chain  iron 
and  boiler 
plate. 


fiber 
50  per  cent  fiber 

Condemned 12}"  chain  iron 

do >    and  boiler 

do J     plate. 


90  per  oent  gray  fiber.  1 


do 

Tension  test  . 


Iff/'  chain  iron 
and  boiler 
plate. 


Gray  fiber.. 


.do. 
do. 


Ill"  chain  iron 
>    and   boiler 
plate. 


do 


}  Reworked  Iff" 
chain  Iron  and 
boiler  plate. 


90  per  oent  gray  fiber. 


All  gray  fiber 

End  hanging 

90  per  oent.  gray  fiber. 
do 


Beworked  Iff" 
chain  iron  and 
boilerplate. 


Kotb.—  The  temperatures  were  not  observed  at  the  time  of  making  the  tests;  the  addition  has  been 
•face  made  from  data  supplied  by  the  Signal  Service  Office,  and  the  temperatures  given  are  those  at 
7.35  a.  m.  and  noon  of  the  several  days.  The  tests  were  generally  made  at  about  10  a.  m.,  the  iron 
having  remained  at  least  twenty-four  hours  in  the  shop,  where  the  temperature  during  the  day  was 
probably  30°  above  that  of  the  outer  air,  and  at  night  probably  10°  above.  This  note  covers  all  of  the 
temperature  records  when  not  otherwise  specified.  Test-pieces  marked  *  withstood  a  titzth  80-foot  blow 
without  breaking  completely  in  two,  and  were  subsequently  dosed  under  steam-hammer  until  ends 
were  but  9"  asunder,  only  two  breaking  by  this  test 
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JSeeard  of  tesU  by  impact— Continued. 
Iron  A. 

[Test-pieces  24"  long,  2"  diameter.    8oored^".] 


1 

1 

Bffeet  and  degrees  of  deflection  at  each 
30-foot  drop. 

1 

1 

i 

£ 

1 

Bemarks. 

806 

o 
V.  80 

V.28 
V.  80 

D 

o 
+48 

+48 
+46 

o 

a 

D 
+88 

o 

o 

1876. 
January  20. 
84°  to  40°  F. 
....do 

• 

806 

807 

a 

....do 

808* 

January  80. 
33°  to  80°  F. 
do 

Condemned. 

800 

Tension  test. 

810 
811 

812 

T.30 
V.28 

V.30 
V.  20 
V.  27 
V.28 
V.28 
20 

V.28 

V.28 
V.  82 
V.  32 

T.B.80 

+46 

T.B.82 

+48 
+43 
+45 
+47 
V.46 

+48 
F. 

1? 

t!b.'82 

-"-«--• 

•»"--- 

do 

....do  ....... 

do 

Condemned. 

A  link  made  from  this  bar  broke  at  288,000 

pound*. 
Condemned* 

818 

D 
+80 

C.50 

+60 

C.68 
&C.60 

...  do 

814 
815 

a  73 

F. 

a 

C.76 

+78 
+76 

T.B.84 

...do 

....do 

810 

817 

818 

310 
820 

T.  B.08 

T.B.86 

F. 

....do ...... . 

....do 

February  1. 
20"  to  26°  F. 

....do 

do 

iBoth  from  b«r,  made  of  same  bloom. 

>  They  were  condemned  and  rerolledto  14". 
60  per  cent,  bright. 

05  per  cent,  bright ;  condemned, 
i  Both  from  same  bar;  00  per  cent  bright. 
S  They  were  condemned  and  reworked. 
40  per  cent,  fibrous. 

>  Hade  into  cylinders. 

821 

do 

322  1    V.  80 

F. 

do 

323*1    C.  40 

do 

324*       F. 

do 

325*       F. 

do 

V.80. 

+48 

S.C.64 

F. 

....do 

827 

do 

8?R 

...do   

828 

V.28 

36 
V.38 
V.86 

V.28 

V.26 
F. 
F. 

V.24 
V.26 
V.26 
C.30 
C.82 

F. 

F. 
V.26 
V.24 

F. 
V.25 
V.28 
V.26 
V.26 
V.26 

F. 
V.24 

V. 

V. 
V.20 

V.24 
V.25 
V.26 
V.25 
V.25 

C.  40 

V.51 

F. 

+45 

46.F. 
C. 

F. 

+88 

....do 

1  Condemned  bars  328  to  325 ?  rerolledto  11" 
(     and  drop  reduced  to  20  feet. 

Long  gray  fiber. 
Do 

880 

F. 

....do 

881 

...  do 

882 

F. 

do 

888 

February  2. 

80°  f: 
do ,. 

834 

F. 

835 

...do 

\  Both  from  the  same  bar,  and  were  oon- 
5     demned  and  rerolled  to  1ft". 
05  per  cent,  gray  fiber. 

880 

887 

C.46 
F. 

F. 

F. 

....do 

838 

do 

830 

F. 

do 

1  Condemned  bars  355  and  358  rerolled  to 
f    I*"- 

340 

....do 

841 

do 

342* 

February  6. 
...do    

Fine  bright  granulons ;  condemned. 
Do. 

843* 

844 

+44 
+48 

&C.58 
F. 

F. 

....do 

845 

....do 

848* 

do 

Fine  bright  granulons ;  condemned. 

This  lot,  from  Nos.  342  to  852  inclusive,  was 
in  many  cases  overheated  and  showed 
fire  cracks.  The  condemned  bars  were 
remade,  rerolled,  and  again  tested  at 
recorded  at  354  and  355. 

Condemned. 

847 

+46 
+48 
+*7 
+40 
+47 

C.61 

V1 

F. 
F. 

F. 
C.  78 

....do 

848 

848 

F. 

....do 

....do 

350 

....do 

351 

....do 

352* 

do 

853 

+i2 

+ 

+ 
+40 

+44 
+42 
+40 
+48 
+48 

F. 
F. 

t 

F. 
F. 

+71 

....do 

854 

do 

Condemned;  mads  from  Noe.  842.  343, 

346,  and  852. 
Passed. 
75  per  cent  fiber. 

AH  fiber. 

855 

858 

+ 

F. 

February  a 

8°  to  10°  F. 

....do 

857 

85ft 

do 

60  per  oent  fiber. 
All  fiber. 

850 

|F. 

do 

880 

50  per  cent  fiber. 

05  per  cent  fiber. 

Unscored;  it  was  struck  twelve  80-foot 
blows  and  then  closed  under  the  steam- 
hammer  without  a  crack. 

381 

F. 

....do 

882 
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Record  of  tests  by  impact— Continued. 
Iron  A— Continued. 


Effect  and  degrees  of  deflection  at  each 
80-  foot  drop. 


Bemark*. 


863 

864 
865 
866 

867 

868 
869 
870 
871 
872 

878 

874 

875 

876 

ten 

878 
879 

880 

881 


o 
V.  26 

V.  28 

V.  80 

F. 

V.26 

V.24 
V.23 
V.26 

V. 

V. 

V.84 

Y.  88 

V.24 

V.20 
C.  24 
V.22 
V.  18 

V.24 

V.24 

V.26 

V.25 

V.25 


+44 

F. 
F. 


•  F 


C.  40 

a? 

+ 

+60 

C.47 

+83 

+86 
+40 
+83 
+86 

+40 

+41 
+44 
+41 
+42 


&C.61 

B.C.  6 

F 


C.76 
F. 


F. 

+67 
F. 
F. 

J 

+ 
+ 

+66 

+68 

+68 

+64 


G.65 


F. 

+ 

F. 

F. 

F. 
C.68 
C.  68 


F. 
*F." 


F. 
F. 


1876. 
February  12. 
190  to  2ff>  F. 

....do 

....do 

....do 


February  17. 
17®  to  86°  F. 

....do 

— do 

.do 

.do 

.do 


February  19. 
17°to86°F. 

February  27. 

85°  to  43°  F. 
....do 

...do 

....do 

....do  ....... 

March  17. 
80°  to  85»  F. 
....do 


March  20, 
82°  to  85°  F. 
....do 

March  26. 
860  to  440  F. 


The  whole  of  this  day's  work  condemned 
and  rerolled  to  ]*".  All  showed  long 
fibrous  fractures,  bat  required  more 
work. 


Noe.  867  and  370  were  farther  tested  by 
rolling  down  fag-ends  to  If"  diameter 
and  struck  as  per  record  of  No*.  871 
and  872. 


No.367rerelledtolf". 
tolf". 


No.  870  rerolled  t 


Long  gray  fiber;  weight  increased  to  low 
pounds. 
Do. 


All  good  long  gray  fiber. 


AH  good  long  gray  fiber. 


Meeord  of  tests  by  impact  of  fag-end*  of  2-inch  bars,  rolled  down  to  1J  inch  and  scored  /," 

Iron  A. 


Hi 


in 


885 

886 
887 


899 

400 
401 


?: 

V. 


889 

8.C. 

890 

&C. 

891 

C. 

392 

C. 

893 

C. 

894 

F. 

895 

V. 

898 

V. 

897 

?: 

S.C. 
S.C. 
8.C. 
&G. 


Slightly  fire-cracked. 
Good. 

Do. 

Do. 
Slight  fire-cracks. 

Da 
Very  good. 

Very  slight  fire-cracks. 
90  per  cent.  gray. 

Slight  fire-cracks. 
Half  in  two;  gray  fiber. 
Fine,  steely. 

Do. 
Do. 
Do. 
Do. 


404 
405 
406 
407 
408 
409 
410 
411 
412 
418 
414 
415 
416 
417 
418 
419 
420 
421 
422 


& 

V. 
V. 
S.C. 

?: 

B.C. 

Q. 

F. 

V. 
S.C. 
S.C. 

?: 

V. 

B.C. 

C. 

C. 


Short,  bright  steely. 
Gray  fiber. 
Slight  fire-cracks. 
Gray  fiber. 

Do. 
50  per  cent  bright. 
Very  good, 
All  gray. 

90  per  cent,  bright. 
98  per  oent.  gray. 
Good. 

Do. 
Slight  fire-crack*. 
Fine,  steely. 
Gray  fiber  1  good. 

Do. 

Do. 

Do. 

Do. 
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Record  of  tests  by  impact  of  fag-ends  of  SMndk  ban,  fc— Continued* 
Iron  A— Continued. 


423 
424 
425 
420 
427 
428 
429 
480 
431 
482 
438 
434 
435 
488 
437 
438 
439 
440 
441 
442 


445 


C. 
C. 

a 
t.  a 

T.B. 

A. 

a 

EC. 

B.C. 
D 
V. 

s.  a 

B.C. 
B.C. 

a 


a 

8.C. 

"u" 
a 


Gray  fiber}  good. 
95  per  cent,  doll  gray. 
Steely. 
Long  fiber. 

Selected;  steely. 
Allfiber. 

ie.  steely;  i 
End  hanging. 
Screw. 
Fine,  steely. 
Slight  flre-craoks. 
fire-cracked  slightly. 
All  gray  fiber. 

50  per  cent,  bright. 
All  gray ;  Tory  dark. 
All  gray;  good  piece. 
All  gray. 
Do. 
Half  in  two ;  long  fiber. 
Dull  gray;  rejected. 
50  per  cent,  bright. 


V. 

F. 
B.C. 
B.C. 
8.C. 

F. 


D 
V. 

a 
1150 

a 


v. 
v. 

F. 
B.  0. 

s.  a 

V. 
V. 


Slight  fire-cracks. 

End  hanging. 

Gray  fiber. 

Gray  fiber;  end  hanging. 

Lone  fiber. 

Half  in  two;  long  fiber. 

98  per  cent,  gray  fiber;  short. 

90  per  cent  gray  fiber;  short. 

All  gray  fiber  1  short. 

Long  fiber. 

Fine,  bright  steely. 

Thread  chased  on  it;  bent  double. 

Fine,  steely. 

Short  gray  fiber. 

Fire-cracked. 

End  hanging. 
Long  fiber. 

Slight  fire-cracks. 


AH  of  these  tests  made  February  16, 1875. 

Temperature,  9.5°,  19.5°,  and  24°  at  7.85  a.  m.,  noon,  and  4.85  p.  m.  

Kos.  481  and  455  were,  before  being  tested,  made  into  screws,  18  threads  to  the  inch;  see  Hate  Vm, 

Record  of  tests  by  impact. 
Iron  B. 


Drop  of 


in  feet,  effect,  and  degrees  of  deflection  pro- 
duced at  each  blow. 


First. 


H 

Si 


Third. 


Fourth. 


! 


Fifth. 


470 

471 
472 
478 

474 
475 

478 

477 

478 


1* 
1* 


1* 

lit 


13 
V.  19 
C.  24 

D 
D 

a 


o 

a  a  29 

C.  84 

a 


C.58 

a 


18 


10 
19 

a 
a  84 


v.21 
s.c.35 

F.118 


0.54 

C.58 


F.115 

+  » 


)  Mixed  fiber,  and  grann* 
y  lous;  all  three  from 
>    same  bar. 

C Coarse  grannlous ;  all 
<    three  from  same  bar. 


Both    from 
bar. 


14 


F.115 
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TESTS  OP  METALS. 


The  broken  pieces  were  thoroughly  reworked  by  the  hammer,  swaged 
into  1£"  bars  and  annealed;  then  scored  and  retested  as  follow*:  First 
piece,  first  score,  cracked  at  first  10-foot  blow,  broke  half  in  two  Rt 
second;  second  score,  cracked  at  first  10-foot  blow,  broke  half  in  two 
at  second.  Second  piece,  first  score,  broke  half  in  two  on  third  10-foot 
blow;  second  score,  broke  half  in  two  on  fourth  10-foot  blow;  and  the 
iron  was  considered  to  be  improved  by  the  work. 


Beoord  of  tetta  by  impact— Continued. 
Iron  C— Chain  Links  Delivered. 


i 

O 

i 

Drop  of  hammer  in  feet,  effect,  and  deflection  pro- 
duced at  each  blow. 

1 

i 

First. 

Seoond. 

Third. 

Fourth. 

Fifth. 

Bemarks. 

f 

1| 

I 

1* 

1 

1 

■11 

11 

! 

0 

479 

II 

U 

(I 
<i 

II 

t< 

« 

II 

it 

ii 

» 

ii 
ii 
ii 
ii 

17 

24 
80 

80 

13 
16 
17 
20 
16 

17 
17 
20 
15 
18 
14 
12 
11 
10 
12 
12 
12 
18 
U 

V. 
V. 

c. 
c. 
c. 

V. 
V. 
D 
V. 

D 

a 
a 
f. 

F. 
F. 
F. 
C. 
F. 
C. 

9. 

17 

17 
80 

80 

10 
15 
17 

a 

+ 
+ 

+ 

+ 

17 

17 
10 

30 

8 
12 
17 

F. 

C. 

+ 

+ 

a 
t. 

Irregular   break;     dark    fiber,    and 

coarse  granulous. 
Tearing  break ;  dark  open  fiber. 
At  2d  blow  showed  a  peeling  off  of 

skin  (barking).* 
Skin  or    outside  peeled  off;    heart 

sound  (barking). 
Coarse,  bright  granuloua. 
Outside  slabbed  off. 

480 

17 
10 

F. 

+ 

481 

48? 

488 

484 

10 

8 

485 

Mixed  granulous  and  fibroua. 

48ft 

Coarse  granulous. 

Fine    granuloua    mixed    with    dark 

fiber. 
Bright  granuloua. 
Fine  granuloua. 
Do. 

487 

16 

c. 

15 

a 

488 

480 

17 

c. 

17 

F. 

& 

Bright  granukma. 
Bright  granuloua  and  dark  fiber. 
Do. 

409 

403 

404 

Do. 

405 

408 

407 

18 

F. 

408 

400 

12 

+ 

12 

F. 

500 

601 

11 

c. 

12 

+ 

18 

+ 

18 

+ 

13 +  15 +  15,  half  in  two.1 

*  See  Plate  XII,  Fig.  L 


t  See  Plato  IX,  Fig.  1. 
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Beoord  of  fartt  bf  Impa**— Continued. 
Ibon  G— Bars  Sent  as  Samples. 


i 


Drop  of  hammer  in  feet,  effect,  and  degrees  of 
deflection  produced  at  each  blow. 


First. 


Third. 


Fourth. 


505 

506 

507 
508 

500 
510 
511 
512 
513 
514 

515 
616 
517 
518 


510 
520 


521 


2 

1* 


tf 
tt 


H 


c. 

a 

a 
a 

a  26 

F. 

a  06 
a  2o 

IF.115 

a 
a 

C.58 
V.15 

F 
8.C.37 
S.C.34 
S.C.30 


+07 


F. 


a 

+48 


12 


+* 


18 


T.F. 


T.  F. 

a 


a  62 

T.F. 

a  47 


T.F. 
+60* 


Unscored. 


80 


115 


115 


110 


Bright  grannlons. 

Very  dark,  with  large  bright  grannloua 

spots. 
Dark  fiber. 
Very  dark,  with  large  bright  grannloua 

•poto. 
Bark  fiber. 

Bright,  coarse  grannlons. 
Very  dark,  with  bright  jzranulous  spots. 
Tearing  break;  bright  fiber. 
Broken  half  in  two. 
Bright  grannlons. 

Do. 
Tearing  break;  fibrous  Iron. 
05  per  cent,  bright  grannlons.     Tern* 

perature,  43°  F. 
All  bright  grannlons. 
End  hanging;  gray  fiber. 

Do. 
Dark  fiber. 


Closed  under  steam-hammer;  noinjnry. 
Closed  under  steam-hammer;   cracked 

inside. 
Closed   under  steam-hammer;    slight 

crack  inside. 


Ibon  D— Second  lot. 


1 


Drop  of 


First. 


<g2 


in  foet,  effect,  and  degrees  of  deflection  produced  at 
each  blow. 


Third. 


I 


Fourth. 


I 


Fifth. 


Remarks. 


634 


5t7 


U  10 
If  20 

i 
If  20 

1|J20 

If  10 

V 
\*  I 


S.  C.  18 
8.C.20 

&C.10 

V.  10 

B.C.  24 
C.  88 

a 


T.B.110 
F. 

+24 

a 


B.C.85 


+«8 


T.B.115 


C.  65 

a 


All  bright,  coarse 

granuloas. 
End  hanging. 
All  bright,  granu 

Ions. 
10  per  cent  bright ; 

end  hanging. 
Fine  bright  granu* 

Ions. 
Do. 
50  per  cent,  bright 

granulous. 
Do. 
80  per  cent,  bright 

granulous. 
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TESTS   OF  METALS. 


Jtaord  of  tots  by  impact— Continued, 
Iron  D  (Second  lot)— Continued. 


This  lot  bavin; 
and  the  bars 


been  tested  on  a  very  oold  day,  the  temperature  during  the  night  being  below  80°  F. 
e  at  the  foot  of  the  impact  hammer  all  night,  in  probably  not  over4<P  temperature, 


they  were  thoroughly  chilled  when  tested,  and  the  experiment  was  repeated,  as  follows,  upon 
which  had  been  kept  in  a  temperature  of  about  60°  for  twenty-four  hours  previous  to  testing,  wit 


appreciable  difference  in  results. 


>  testing,  with  no 


Drop  of  hammer  in  feet,  effect,  and  degrees  of  deflection  produced  at 
each  blow. 


First. 


I 


Second. 


Third. 


I 


H 


Fourth. 


Fifth. 


|1 


681 
632 
583 

634 
685 
686 
687 
688 
688 


D 

D 

8.C.27 

C.  50 

&C.68 

a 

D 
B.0.80 

a 


a  45 

&C.80 
+84 


B.C.  66 
T.  Ill 

a 


+109 


10 


T.115 


Drop  of  1 


jr  in  feet,  effect,  and  degress  of  deflection 
produced  by  each  blow. 


First. 


Third. 


! 


Fourth.       Fifth. 


I 


Scored. 


640 
541 
542 
648 
544 
545 
64« 
547 


1     80 

1:      30 

1  '  20 
1;  :  15 
lj  10 


648      1     12 


a 

S.C.27 

C.50 

&C.63 

D 

D 
B.C.80 


10 


C.45 
B.C.80 

+W 


T.115 


B.C.65 

T.lll 

D 


80 


+109 


Coarse  and  bright. 

Do. 
Gray  fiber. 

Gray  fiber;  end  hanging. 
Fine  bright  granuloma. 

Do. 

Do. 
60  per  cent. gray:  the  rest  i 

bright. 
All  line  bright  granuloua. 


IBON  E. 


649 

2 

•* 

•« 
(i 

$ 

i* 
•• 

t* 

80 
26 

22 

17 
20 
17 
17 

12 
20 
20 
12 

11 
10 
0 
12 

F.115 

a 

a 
c 
a 

20 

a 

8 
£ 

T.B.108 

B.C.109 

C.80 

F. 

660 

Square  break  i    granulans  and 

fibrous. 
80  per  cent  granuloua. 
Do. 

651 

662 

668 

Do. 

664 

665 

17 

V.29 

17 

+*1 

17 

+68 

17 

a  90 

Torn  in  two  at  the  sixth  blow. 
Bright  granuloua  with  a  little 

Do. 

650 

657 

20 

F. 

Dark  fiber. 

658 

669 

End  hanging  f  90  per  cent  gray 
fiber. 
Do. 

660 

501 

8 

6 

F. 

+70 

602 

5 

F. 

End  hanging. 

BOB 

90  per  cent  gray  fiber  i  end  hang- 
ing on. 

TESTS   OF  METALS. 

Jboord  of  imU  by  «»p«*— Continned. 

Iron  F. 
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Drop  of  hammer  in  feet,  effect,  and  dogrees  of  deflection 
produoed  by  each  blow. 


First* 


ii 


Third. 


Fourth. 


I 


Fifth. 


Scored. 


564 

065 
566 

567 
668 
669 

570 
571 
572 


8.C.18 

C.28 
C.80 

F. 
C.27 
OOF. 

F. 

F. 

F. 


T.C.81 


II: 


B.C.65 


20 


+45 


*F. 


80 


+62 


o 
+» 


Closed  to  face  of 

sixth  blow. 
Gray  fiber;  end  hanging.* 
Gray  fiber;  broken  in  two.* 

Do.* 

Do.* 

Do.* 

Do.* 

Do.* 

Do.* 


byt> 


Iron  F»— No.  1. 


Number  of  80-foot  drop ;  effect,  and  degrees  of  deflection 
at  each  drop. 


First. 


Second. 


Third. 


Fourth. 


4 
Ij 

I1 


Fifth. 


Sixth. 


4 

V 


578 
574 
575 
576 
677 
578 
670 
580 
581 


o 
&C.87 

a  c.40 

&C.45 
C.85 
C.65 
T.C.75 
T.C.00 
110|  F. 
UOiF. 


C.50 
C.76 
C.70 
+100 
T.R 

110^  F. 

112*  F. 


+68 

T.C.06 

T.  C.  110 

|F. 


T.C.67 
107|F. 


Slabbed  up  and  olosed  to  hammer. 
Closed  to  face  of  impact-hammer. 
Broke  in  two. 
End  hanging  on. 

Closed  to  face  of  impact-hammer. 

Do. 
Do. 


Iron  Fa?— No.  3. 


582 
583 

2 
11 

li 
If 

l| 

ii 

ii 

? 

o 

V.  20 

V.25 

V.  80 

a  C.40 

8.C.48 

C.70 

C.80 

F. 

F. 

o 
C.40 

T.C.60 
T.C.70 
T.C.76 
T.  B. 112 
T.B.117 

o 
T.C.60 

o 
+W 

o 
+100 

*f. 

Except  the  If"  all  of  the  pieces 
broke  with  long,  tearing  fract- 
tures,  the  ends  hanging  on  in 
several  esses. 

584 

t90 
T.B.117 
T.  B.  116 

T.B.115 

585 

586 

587 

688 

580 

600 

*Showed  long  fibrous  structure. 
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TESTS   OF  METALS. 
Reoord  of  teeU  by  impact— Continued* 


Iron  K. 


I 
1 

Drop  of  hammer  in  feet}  effect  and  deflection  produced  at  each  blow. 

1 
! 

First. 

Second. 

Third. 

Fourth. 

Filth. 

! 

4 

H 

, 

4 

n 

1 

4 
11 

1 

4 

u 

■88 

1 

4, 

581 

// 
2 

»« 

f 
i 

80 

*  30 

*  80 
30 
20 
10 
15 
10 

8 
12 
8 
6 
4 

V. 
V. 

a 

D 

B.DC. 

D 

a 

C.86 

80 
80 

+ 
+ 

80 
80 

C. 

s.  a 

80 
80 

F. 

+     . 

502 

WW 

80 

F. 

504 

MR 

MM 

507 

508 

500 

8 
12 

a 
a 

600 

601 

a 
a 

D 

(102 

603 

TTnacored. 

604 

606 

80 
80 
80 

25 

88 
42 

80 
80 
80 

57 
64 

88 

80 
80 
80 

73 

00 

116 

80 
80 

86 
105 

80 

116 

606 

Tests  1  and  2  were  made  upon  a  bar  rolled  by  the  manufacturer,  from  a  pile  in  whioh  flats  of  char- 
coal-bloom were  placed  in  center  and  outside  of  flats  of  ordinary  crude  iron  K ;  flats  of  the  latter  were 
sent  to  us,  and,  being  combined  with  old  boiler  iron,  were  hammered  into  2"  bars,  the  records  of  which 
under  impact  are  Nos.  1, 2,  and  8,  page  215.  Nos.  1  and  2  showed  long  gray  fiber  \  the  remainder  of  this 
lot  showed  fine,  bright,  steely  fractures. 

All  of  the  unsoored  pieces  closed  down  under  the  steam-hammer  without  injury. 

Hammered  iron  made  of  Iron  K,  mixed  with  boiler-iron. 


i 

%« 

o 

1 

| 

1 

| 

fc 

P 

a 

607 

2 

608 

u 

600 

tt 

610 

ti 

611 

H 

612 

2 

618 

•* 

614 

14 

615 

n 

616 

It 

617 

it 

618 

I* 

Number  of  80-foot  drops  of  hammer;  effect  and 
deflection  produced  at  each  drop. 


Remarks. 


V. 
V. 
V. 

V. 
V.     8.  C. 

V.     8.C. 
S.  C.     C. 
V.     8.  C. 


D 
B.C. 


C. 

C. 
S.C. 

S.C. 

c. 

c. 

+ 
c. 


B.C. 

+ 


F. 
F. 

"+" 


*F. 

+ 

B.C. 


B.C. 
F. 


These  three  pieces  were  made  from  the 
crude  flats  of  the  2"  iron  K  mixed  with 
boiler-iron  and  reworked. 

Made  from  fragments  of  iron  K  mixed 
with  boiler-iron  and  reworked. 

Made  from  ltf"  iron  K  mixed  with  boiler- 
iron  and  reworked.  All  showed  fine 
gray  fiber. 

Made  from  2"  iron  K  reworked  without 
mixing  with  boiler-iron. 

Do. 
Do. 


One  unscored  2"  bar,  made  from  2"  iron  K  mixed  with  boiler-iron,  received  twelve  80-foot  blows,  and 

was  then  closed  down  under  the  steam-hammer  without  injury.    The  failure  of  the  bars  which  were 

^simply  "reworked"  demonstrates  that  the  iron  had  received  originally  all  the  work  whioh  oould  ben- 


TESTS   OF  METALS. 

Buoord  ofiettt  by  impact— Continued. 

Iron  M. 
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| 

Drop  in  foot,  effect,  and  of  deflection  produced 
»t  each  blow. 

1 

o 

J 

1 

Pint. 

Second. 

Third. 

Fourth. 

! 

4 

•8 

! 

4 

i1 

I 

* 

H 

! 

4 

Remarks. 

4119 

9 

30 
25 
25 
20 

20 
22 
20 
15 
15 
16 
17 
10 
12 
10 
8 
6 
6 
4 
6 
5 

o 

D 
CJ 

a 
c. 
c. 
p. 
a 
c. 
c. 

D 

a 
c. 
a 
a 
a 
p. 
c. 
c. 
a 

T. 

o 

o 

o 

o 

o 

o 

AH  bright  grannlons. 
Do. 

620 

821 

Do. 

622 

5 
10 

a 

D 

Do. 

67? 

if 

41 

90  per  cent,  bright  granulous. 
90  per  cent  bright  granulosis. 
80  per  cent,  bright  grannlona. 

6?4 

625 

(ISM 

5 
8 

D 
P. 

ftn 

Do. 

6tfl 

62© 

Dark,  short  liber  and  bright  grannlona. 

690 

10 

+ 

6 

p. 

631 

Bright  granulosa;  very  short. 
90  per  cent  bright  granulous. 
Bright  grannlons;  very  short. 

632 

633 

634 

635 

8 

4 

P. 

+ 

90  per  oent.  bright. 
Do. 

636 

4 

p. 

637 

Dull  fiber  and  bright  grannlona. 
90  per  cent,  bright  grannlons. 

638 

Iron  K. 


639 

* 

75 

C.30 

D 

Q 
C.40 
V.20 
V.25 
V.80 
V.32 

5 

D 

80  per  cent,  bright,  coarse  grannlons. 
95  per  cent,  bright,  coarse  granulous. 
80  per  cent,  bright  grannlons. 
90  per  eent.  bright  granulous. 
50  per  cent,  gray  fiber. 
80  per  cent,  gray  fiber. 
50  per  cent  gray  fiber. 
Do. 

640     11 

20 
25 
25 
15 
10 
8 
0 

641 

li 
11 

il 
11 
l{ 
It 

642 

10 
15 
10 
6 
6 

T.B. 
C.40 

ac.5o 

a 
a 

643 

12 
10 

a 
a  ao 

644 
64'» 

8 

T.B. 

646 

Iron  O. 


647 

, 

80 
80 

30 

to 

30 
30 
30 
27 
20 
18 
8 

D 

V.25 

C.40 

C.46 

T.C.45 

T.C.60 

T.C.82 

T.B.  98 

T.C.65 

T.B.  95 

C.55 

1 

648 
649 
650 

1 

1! 

30 
30 
30 
30 
30 
15 

io 

S.C.45 
T.C.71 
T.C.88 
+  90 
T.B.  110 
T.B.  105 

■+•» 

30 
80 
30 
30 

T.C.64 
+  100 
T.B.  115 
T.B.  115 

80 
10 

4-85 
T.B.  115 

Not  broken  at  fifth  blow. 

651 

65*} 

653 

«M 

655 

656 

657 

8 

T.  C .  95 

All  the  breaks  of  Iron  O,  except  the  2",  show  a  bright,  clear  fiber,  the  outside  or  skin  to  the  depth  of 
the  score  split  or  slabbed  off,  similar  to  the  bark  from  a  piece  of  wood.  (See  Piste  XII.)  The  pieces 
below  If"  diameter  were  closed  under  the  steam-hammer  without  breaking  them  oft  The  If/'  and  If" 
broke  in  two  when  struck  by  steam-hammer  after  the  ends  had  met. 
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Record  of  te*U  by  impact— Continued. 
Iron  P. 


658 
050 
660 

661 


668 
664 

665 

686 

667 
668 
660 
670 
671 
672 
678 
674 


675 

676 

677 
678 
670 
680 


Drop  of  hammer  in  feet,  effect,  and  degrees  of  deflection  produced  at 
each  blow. 


First 


8econd. 


Third. 


Fourth. 


Fifth. 


U 
V 


Sixth. 


Scored. 


F. 

*P. 

C. 

F. 

V.  20 

C.  55 


a 

c. 

D 


10 


D 

a  45 

|F. 


a 

+ 


F. 


10 


IP. 


Px. 


V.20 

T.C.40 
T.C.50 
T.B.  110 
V.25 
S.C.40 


80 


80 


T.C.40 

T.B.  75 
T.B.  110 


S.C.45 

a 


80 


80 


+  70 


+  •0 


80 


T.B.117 


80 


+  80 


80 


TC.00 


80 


+  110 


Lot  Jan.,  1877. 
Fine,  bright  steely. 
60  p.  e.  steely;  60  p.  o. 

End  hanging:  50  p.  o. 
bright. 

Bright  steely. 

Lot  March,  1877;  dull 

gray  fiber. 
Half  gray  fiber,  and 

half  fine  steely. 

Bright  granuloma. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Do. 

Do. 

Do. 
Loose,  gray  fiber,  soft. 
All  bright  granulous. 


This  iron  (P)  tested  by  tension,  and  judged  by  ductility,  &c,  in  the 
bar  form,  gave  most  excellent  results,  and  impact  and  bending-cold 
tests  of  extreme  degree  were  well  endured  while  the  surface  of  the  bar 
remained  intact,  but  a  very  slight  nick  or  score  deprived  it  of  all 
power  to  resist. 

The  bars  of  2J"  and  2"  were  made  for  experimental  purposes,  and  the 
manufacturer  being  present  during  the  tests,  conceived  that  he  had 
discovered  the  cause  of  the  defects,  and  prepared  the  bars  Eos.  675  to 
6*80,  of  Pa?,  which,  tested  as  chain  links  and  by  impact,  gave  evidence 
of  great  improvement,  the  previous  bars  of  P  having  been  deficient  in 
welding  qualities,  a  fault  that  was  inherent,  as  shown  by  the  surfaces 
of  fractures,  which  presented  a  laminated  appearance,  showing  that  the 
welding  of  the  crude  slabs  had  not  beeu  complete. 

With  the  exception  of  those  made  upon  hammered  iron  and  iron  A. 
the  tests  recorded  in  the  following  tables  were  made  upon  unscorea 
test-pieces.  In  all  cases  the  length  of  the  test-piece  was  equal  to  twelve 
times  the  diameter.  The  blows  were  of  the  100-pound  hammer,  dropped 
30  feet,  and  were  delivered  as  rapidly  as  possible,  the  average  in- 
terval being  about  one  minute.     After  the  tests  by  impact-hammer, 
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such  pieces  as  remained  unbroken  were  closed  down  under  the  steam 
hammer.    Those  which  closed  completely,  without  crack,  are  marked  * 

Comparative  stiff  new  as  developed  by  impact 


ti 

1 

i 

1 
1 

Deflection  at  each  blow. 

i 

I 

1 

a 

i 

I 

I 

33 

I 

5 

i 

"Remarks. 

681 
682 
683 
684 

685 
686* 
687* 
688* 

689 
690* 
691 
692* 

693 

694* 
695* 
696* 
697 
698 
699 

700 

H.I. 
H.I. 

A. 

A. 

D. 

F. 
P.*l 
F.*8 

N. 

0. 

P. 
P.* 

D. 

F. 
F.xl 
F.  a  3 

N. 

0. 

P. 

0. 

F. 
F.al 
F.*3 

N. 

a. 

p. 

p.* 

D. 

F. 
F.*l 
F.  *3 

K. 

o. 

D. 
F. 

F.sl 
F.»3 

N. 

O. 

P. 

D. 

F. 
F.zl 
F.x8 

N. 

0. 

D. 
F. 

F.JBl 

F.xl 

N. 

0. 
P. 

D. 

F. 
F.sl 
F.  *3 

N. 

o. 

P. 
P.* 

It 

2 

it 
«« 
u 

4* 
it 

tl 

M 

tt 
it 

it 
it 

H 

tt 
tt 

tt 

H 

t* 
i* 

Hi 

tt 

it 

tt 
it 

xi 

«t 
tt 
tt 
tt 

tt 

o 
18 
20 
27 
29 
21 
22 
19 
20 
40 
17 
20 
20 

24 

27 
25 
25 
40 
22 
19 

30 
34 
80 
28 
28 
27 
25 
82 

40 
39 
35 
85 
30 
50 

50 
46 
40 
45 
45 
35 
45 

65 

60 
57 
60 
55 

60 

70 
76 
72 
75 

74 

78 
60 

75 
103 

90 
105 
100 
110 
100 

80 

o 

30 

83 

43 

43 

40 

35 

32 

40 

80 

32 

43 

35 

41 
43 
41 
45 

D 
45 
40 

53 
60 
50 
56 
53 
53 
61 
50 

65 
64 
60 
68 
60 
60 

80 
82 
80 
80 
85 
70 
80 

86 
97 
98 
110 
110 

114 

112 
110 
112 
114 
115 

110 
110 

110 

o 

42 

44 

50 

68 

50 

48 

46 

60 

a 

50 
60 
50 

65 
62 
58 
65 

o 
53 
70 
73 
78 
63 
60 
60 
75 

o 

62 

03 

94 

90 

77 

75 

73 

86 

o 
95 

no 

109 
111 
90 
89 
80 
102 

o 

o 

"io7 

96 
90 
114 

"ioi" 

107 

Slight  crack. 

Square  break. 
Slight  crack  inaide  crown- 
Slight  crack  inaide  crown. 

64 
65 
63 

80 
78 
70 
78 

80 
70 
75 

92 
100 
90 
92 

ios 

93 
100 

103 
109 
98 
110 

115 
105 
112 

"iii* 

108 

70 
65 

78 
72 
70 
75 
74 
74 
72 
65 

90 
90 
88 
94 

D 
78 

115 
107 
107 
110 
115 
115 
UO 

115 
116 
120 

98 
72 

90 
95 
90 
98 
100 
101 
88 
90 

112 
111 
109 
112 

112 

81 

110 
110 
110 
117 
110 
115 
112 
110 

Slight  crack  inaide  crown. 
Crack  across  crown. 

Slight  crack  inside  crown. 

100 

111 

701* 

70'** 

703* 

704 

Broke  while  closing  down. 

705 

Slight  crack  across  butt 
Slight  crack  inside  crown. 

706 

707* 

708 

Slight  cracks  inside  crown. 
Slight  cracks  inside  crown. 

709 

710* 

711 

Cracked  across  butt 

712 

Square  break. 

713* 

110 

714 

Slight  cracks  across  crown. 

715* 

716* 

717* 

718 

Broke  while  closing  down. 

719* 

720* 

Slight  cracks  inside  crown. 

722* 

723* 

724* 

725 

Broke  in  two  while  closing 

down. 

727* 

728* 

729* 

730* 

731 

Broke  in  two  while  closing 

782* 

down. 

733* 

734* 

735* 

736* 

112 
117 

737* 

738 

' 

Broke  while  closing  down. 

739* 

740 

Cracked  while  closing. 

741* 

110 

10  T  M 


PART   II. 

SECTION   I. 

THE  CHAIN  CABLE. 

Structure  of  the  link  — Method  of  manufacture— Soubces  of  weakness 
ik  the  weld-stud — a  high  tensile  strength — comparison  of  strength  of 
studded  and  unstudded  links  —  comparison  of  strength  of  end  and  side 
welds— Effect  upon  strength  of  under  and  over  work— Method  of 
testing  chain  cables  —  phenomena  observed  and  recorded — tabulated 
record  of  strength  of  short  sections  and  single  links  —weight  of  chain 
cables,  with  suggestions  for  reductions. 

SECTION   II. 

Proof  strains  for  chain  cables,  with  recommended  proof  table  and  method 

of  construction. 
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SECTION   I. 

THE  CHAIN  LINK. 

The  sketch  will  show  the  ports  of  the  links  designated  as  quarter- 
ed, weld-butt,  &c. 


If  LtXK,  HALF-SBI. 

A  chain  link  consists  of  a  bolt  of  ronnd  iron,  which  has  been  bent  to 
an  oval  form,  and  the  ends  welded  together.  A  stud,  generally  of  cast 
iron,  is  introduced,  to  prevent  closure  of  the  sides  when  subjected  to 
tension,  and  kinking  of  the  chain  when  being  stowed  in  the  locker. 

u  Close  links"  are  made  in  the  same  manner,  omitting  the  stucL 
These  are  generally  of  small  size. 

The  bolt  for  studded  chain  is  generally  of  length  equal  to  twelve  times 
the  diameter;  for  "close  links,"  eleven  times. 

It  is  evident  that  the  greatest  strength  which  can  be  developed  by 
the  link  cannot  exceed  that  of  the  combined  strength  of  the  two  sides, 
and  to  this  it  would  be  necessary  that  the  single  sectional  area  of  each 
end  of  the  link  should  be  capable  of  resisting  to  an  equal  amount  a 
transverse  strain. 

In  practice  it  is  found  that  no  link  can  be  made  which  is  twice  as 
strong  as  the  bar  from  which  it  is  produced.  Various  causes  operate  to 
reduce  the  200  per  cent,  of  the  strength  of  the  bar  to  a  much  lower  pro- 
portion. Among  these  causes  are  those  due,  first,  to  peculiarities  of 
the  iron;  second,  to  the  process  of  manufacture,  and;  third,  to  the  effect 
of  the  stud. 

The  information  gained  by  the  tests  upon  round  bars  guide  us  in  the 
selection  of  iron  which  will  probably  make  good  chain  cable ;  but  it  does 
not  supply  all  that  is  needed. 
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Tension  tests  show  the  power  of  the  bar  to  resist  steadily  applied 
strain,  and  impact  tests  indicate  the  relative  power  of  various  irons 
to  withstand  suddenly  applied  strains  upon  a  transverse  section ;  hence 
from  these  we  gain  an  idea  as  to  the  possible  strength  of  the  sides  and 
ends  of  the  links,  but  no  knowledge  whatever  as  to  the  condition  of  that 
portion  of  the  link  upon  which  the  weld  has  been  made. 

The  process  of  manufacture  involves  twice  reheating  and  hammering 
the  ends  of  the  bolts,  once  to  shape  the  scarfs,  and  once  to  weld ;  while 
the  middle  of  the  bolt,  which  forms  the  butt  of  the  link,  receives  much 
lees  heating,  and  no  hammering.  Thus  the  weld  and  butt  ends  have 
received  very  different  treatment,  and  each  end  of  the  link  has  been 
subjected  to  weakening  causes,  peculiar  to  itself,  the  effect  of  which  can- 
not be  foreseen,  and  which  effect  varies  greatly  with  the  character  of 
the  iron. 

The  forging  and  reheating  have,  if  the  iron  has  already  been  suitably 
worked,  a  tendency  to  lower  the  elastic  limit  and  strength  of  the  weld 
end,  and  the  process  of  bending  affects  some  irons,  notably  those  which 
are  red-short,  injuriously,  thus  weakening  the  butt  of  the  link.  And 
the  introduction  of  the  comparatively  incompressible  cast-iron  stud 
alters  the  nature  of  the  strains,  and  with  common  coarse  chain  iron 
proves  a  source  of  weakness. 

If  through  none  of  these  causes  the  normal  strength  of  the  bar  is  low- 
ered, and  if  through  its  arched  form  the  end  of  the  link  is  made  as  strong 
as  the  two  sides,  we  have  a  link  whose  strength  equals  200  per  cent,  of 
that  of  the  bar.  With  this  then,  for  a  standard,  we  consider  that  the  bar 
iron,  which  in  link  form  develops  with  the  greatest  uniformity  the  great- 
est proportion  of  this  percentage,  is  the  most  suitable  for  chain  cables, 
and  that  the  development  of  a  low  or  irregular  percentage  indicates  the 
opposite. 

The  degree  of  divergence  from  the  standard  200  per  cent,  indicates 
the  relative  value  of  various  irons  for  chain  cables. 

The  most  common  source  of  weakness  of  chain  links  is  the  weld,  and 
the  degree  of  weakness  from  this  source  depends  first  upon  the  character 
of  the  iron,  and  second  upon  the  skill  and  judgment  of  the  chain-welder, 
who  has  it  in  his  power  to  make  a  worthless  link  from  the  best  iron,  and 
to  utterly  deprive  the  results  of  competitive  tests  of  their  value. 

With  all  irons  the  weld  end  of  a  link  is  the  weak  end.  With  some,  the 
loss  of  strength  by  ordinary  welding  is  so  great  that,  however  valuable 
they  may  be  for  other  purposes,  as  chain  iron  they  are  worse  than 
worthless. 

The  following  data,  as  to  location  of  rupture,  demonstrates  clearly  the 
above  statement  to  be  true: 

Location  of  ruptures  of  435  links. 


i 

1 

a 

Buptnres    at 
weld,  333. 

Raptures    »t 
batt,  86. 

Iron. 

i 

1 

1 

& 

4 

I 

1 

QQ 

A 

37 
45 
57 
20 
25 
26 
8 
5 

12 
85 
33 
10 
18 
14 
4 
5 

2 
9 
5 
1 

b 

8 

15 
1 
0 

7* 

8 

1 

3 

4 

1 

i" 

5 

B 

C 

6 

B 

2 

B 

P 

F* 

4* 
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J 
X 

i 

Baptorm    at 
-weld,  888. 

Bnptnrea    at 
butt,  88. 

Iran. 

1 

4 

I 

| 

| 

4 

i 

H 

8 
5 

23 

6 

124 

8 

9 

20 
5 

2 
5 

18 
4 

27 
0 
5 

12 
1 

1 

J 

X 

i 

2 
78 
2 
2 
2 
3 

4 

L 

M 

11 

4 

3 

K 

0 

1 
11 

1 

1 

4 

P 

Vx 

485 

217 

116 

65  1         21 

» 

Thus  in  the  rapture  of  435  links,  333  of  them  broke  at  the  weld  end, 
86  at  the  butt  end,  and  16  on  the  side. 

The  most  ordinary  location  of  the  rupture,  if  we  except  irons  Fa?,  F, 
L,  M,  and  Pa?,  was  at  the  quarter  of  the  weld,  which  rupture  is  produced 
by  a  resolution  of  the  force  of  direct  tension  and  the  resistance  opposed 
by  the  stud. 

Fx,  F,  and  Pa?  were  all  irons  which  had  received  a  great  amount  of 
work,  and  whose  welding  qualities  were  by  it  impaired.  L  was  a  weld- 
steel,  and  iron  M,  which  furnishes  79  out  of  the  11C  ruptures  through 
the  weld,  was  of  a  most  complex  structure,  as  may  be  seen  by  tbe  tables 
of  analysis.  Copper,  phosphorus,  silicon,  nickel,  and,  in  some  cases, 
chromium  gave  to  this  iron  most  remarkable  qualities. 

An  examination  of  the  records  of  the  strength  of  links  and  of  the  per- 
centage of  the  bar's  strength  developed  by  the  links  will  show  that  all  of 
those  links  which  broke  a  through  the  weld"  were  very  weak  and  irregu- 
lar in  both  factors.  Hence,  an  iron  whose  weld  is,  through  any  cause, 
unreliable  is  not  suitable  for  cable. 

Among  the  causes  which  produce  deficiency  in  welding  properties, 
there  are  two  which  produce  great  tenacity  in  the  bar,  viz,  chemical  pecu- 
liarities and  excessive  work;  therefore,  when  excessive  tensile  strength 
is  found  to  exist  in  a  bar  as  tested  by  tension,  it  should  be  regarded  as 
a  probable  indication  of  deficient  welding  properties.  As  may  be  seen 
by  the  record  of  tension  and  impact  compared,  high  tenacity  in  the  bar 
frequently  indicates  a  lack  of  power  to  resist  sudden  strains.  Therefore, 
in  judging  iron  by  tensile  strength  alone,  it  should  be  considered  as  more 
than  probable  that  the  strongest  bars  will  produce  the  weakest  cables, 
although  there  will  undoubtedly  be  in  each  of  such  cables  a  few  links 
with  greater  strength  than  can  be  developed  by  irons  of  less  tenacity. 

THE  WELD. 

A  few  notes  in  regard  to  the  weld  may  have  a  value,  as  they  are  founded 
upon  observation  in  the  shop. 

In  making  150  fathoms  of  chain,  which  length  generally  constitutes 
a  cable,  there  are  of  welds  from  2,925  in  1"  to  1,500  in  2".  These  are 
probably  made  by  a  dozen  different  chain- welders,  each  of  whom  has 
a  habit,  which  he  will  not  readily  change,  by  which  he  judges  of  the 
proper  heat  and  the  degree  of  rapidity  with  which  he  should  make  his 
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weld.  Different  welders  have  very  different  ideas  and,  unless  the 
iron  which  is  being  worked  on  will  permit  considerable  variation  in  the 
temperature,  it  is  probable  that  the  resultant  links  will  vary  greatly  in 
value.  If  eleven  out  of  the  twelve  judge  correctly,  the  error  of  the 
other  man  may  render  valueless  all  of  their  labor. 

Irons  in  which  there  is  much  carbon  require  to  be  welded  at  a  very 
low  heat ;  phosphorus  in  excess  calls  for  the  same.  Coarse  iron  with 
much  slag  requires  a  high  heat  and  hard  hammering,  and  even  then 
there  is  a  liability  for  u  faces  "  to  iorm  throughout  the  whole  surface  of 
the  lap,  which  faces  simply  stick  together  and  are  liable  to  draw.  A 
very  close,  fibrous  iron  also  requires  a  high  heat  and  hard,  rapid  ham- 
mering ;  the  reason  for  which  is  that  the  heavy  blows  previously  required 
to  make  the  scarf  or  lap  have  so  amalgamated  the  fibers  one  with  another 
that  when  the  two  laps  are  brought  into  contact  the  fibers  of  each  do 
not  intermingle  thoroughly,  and  they,  too,  are  frequently  simply  stuck 
together,  adhesion  taking  the  place  of  a  process  similar  to  felting,  which 
occurs  in  welding  an  iron  with  a  rather  open  fiber.  With  this  a  low  heat 
is  required,  which  seems  to  penetrate  and  expand  the  fibers  so  that  they 
intermingle  and  the  two  laps  are  held  together  by  a  net-work.  Moder- 
ate hammering  is  necessary  with  this  type  of  iron,  which  is  seldom  found 
to  possess  great  tensile  strength,  but  nearly  always  has  great  resili- 
ence. 

An  iron  in  which  sulphur  is  in  excess  can  be  bent  and  welded  at  a  high 
beat,  but  the  more  moderate  heat  at  which  the  bend  and  scarf  are 
usually  made  is  trying  to  it,  and  "  red-short  links"  are  frequently  cracked 
in  bending. 

Comparison  of  value  of  end  and  side  welds. 

The  weld  thus,  as  has  been  shown,  proving  its  claims  to  be  considered 
as  the  weak  place  of  the  link,  it  was  considered  desirable  to  ascertain  if 
a  change  in  its  location  would  have  any  tendency  to  strengthen  it  At 
some  private  manufactories  a  system  has  been  introduced  of  making 
the  weld  upon  the  side  of  the  link  by  means  of  a  machine  which  bent 
and  welded  the  link  at  one  operation.  We  procured  a  number  of  short 
sections  of  cable  which  had  been  made  in  this  manner,  purchasing  them 
from  the  manufacturer,  who,  at  the  same  time,  supplied  us  with  a  few 
bars  of  the  iron  from  which  the  cable  was  made;  from  these  bars  we 
prepared  links  in  the  usual  manner,  and  connected  sections  of  the  ma- 
chine-made side- welded  links  with  the  handmade  end- welded  ones,  and 
subjected  these  combined  sections  to  tension. 

Eight  such  tests  were  made,  and  in  every  case  the  weld  of  the  machine- 
made  link  drew  apart  at  the  following  strains,  the  iron  being  1£"  in 
diameter,  viz:  80,830  pounds,  78,144  pounds,  76,608  pounds,  66,640 
pounds,  88,280  pounds,  65,660  pounds,  83,520  pounds,  67,000  pounds. 

Three  of  the  couplets  of  end- welded  links,  which  had  resisted  the 
strains  which  had  broken  the  side-welded  links  with  which  they  were 
connected,  were  retested,  and  broke  at  89,000  pounds,  97,000  pounds, 
and  98,000  pounds. 

In  order  to  ascertain  whether  the  deficiency  in  strength  of  the  side- 
welded  links  was  due  to  the  location  of  the  weld  or  to  their  having  been 
made  by  machine- work,  a  set  of  couplets  (two  links  connected)  was 
made,  of  which  in  each  case  one  link  was  welded  upon  the  side  and  the 
other  upon  the  end,  all  being  made  by  the  same  smith.  Upon  testing 
these  couplets  (two  in  number)  in  one  case  the  side  weld  drew  at  81,000 
pounds,  and  in  the  other  it  broke  where  welded  at  87,200  pounds.  The 
two  end- welded  links  were  then  broken  at  99,000  and  101,000  pounds. 
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These  experiments  indicate  that  we  cannot  strengthen  the  link  by 
changing  the  location  of  the  weld,  and  our  only  resource  is  to  select 
such  iron  as  is  least  injured  by  the  process  of  welding. 

THE  STUD. 
Discussion  of  its  effect  upon  the  link. 

The  second  cause  which  tends  to  reduce  the  strength  of  links  made 
from  certain  types  of  iron  is  the  stud. 

Our  experiments  lead  us  to  consider  that  the  opinion  which  is  gen- 
erally entertained,  and  which  is  backed  by  the  most  eminent  authorities, 
that  the  studded  link  is  stronger  than  the  unstudded  one  made  from  the 
same  iron,  is  erroneous,  both  in  principle  and  in  fact. 

Rankin,  in  his  "  Manual  of  Machinery,"  says,  "An  unstudded  chain  has 
about  two-thirds  of  the  strength  of  a  studded  chain  of  the  same  diame- 
ter of  wire." 

John  Anderson,  LL.  D.,  superintendent  of  machinery  to  the  War  De- 
partment, Woolwich,  in  a  work  published  in  1872,  says,  "  It  is  to  be 
noted,  whatever  the  explanation  may  be,  that  the  stayed-link  chain, 
when  made  of  the  same  diameter  of  iron  as  the  open-link,  is  stronger 
than  the  other  in  the  proportion  of  9  to  6;  the  office  of  the  stud  is  to 
prevent  the  collapse  of  the  link  and  thereby  intercept  the  shearing  ac- 
tion due  to  the  wedge  action  of  one  link  within  the  other." 

American  authorities  coincide  with  the  above  opinions,  with  which, 
however,  we  entirely  differ.  Theoretically  it  should  not  be  stronger, 
actually  it  is  weaker  than  the  open-link,  especially  if  both  are  made  of 
coarse  brittle  iron. 

To  discuss  the  case  in  its  most  general  aspect,  we  will  consider  the 
link  to  be  reduced  to  a  line,  and  in  the  accompanying  diagram  let  the 
lateral  points  represent  the  extremities  of  this  line  and  the  upper  and 
lower  points  PP  the  extremities  of  the  stud. 


Diagram  illustrating  the  action  of  the  stud. 

A  strain  being  applied  longitudinally  sufficient  to  produce  a  change 
of  form  in  the  link,  the  tendency  of  the  component  of  the  tension  at  a 
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right  angle  to  the  axis  of  the  link  to  draw  the  sides  together  is  resisted 
by  the  stud,  and  we  have  at  either  of  the  fonr  points  of  the  link  the 
familiar  case  of  a  load  applied  to  the  middle  point  of  a  line  whose  ex- 
tremities are  fastened. 

Representing  the  total  strain  upon  the  cable  by  #,  the  tension  on 
either  side  of  the  link  by  £,  the  resistance  of  the  stud  by  p,  and  the 
angle  at  either  vertex  by  2a,  the  parallelogram  of  forces  gives  the  reso- 
lution indicated  by  the  diagram,  and  the  equation — 

S=2t  cosin  a  =  p  cotan,  a 
p=.  S  tan  a       =2t  sin  a 


t  = 


8  _      p 


2  cos  a  2  sin  a 

Supposing  a  constant  strain  #,  as  the  angle  a  increases,  t  an&p  increase 
rapidly,  to  the  extreme  case  of  a  =  90°,  when  t  and  p  are  infinite. 

Of  these  four  quantities,  the  interdependent  relations,  which  are  so 
manifest  in  theory,  will  be  modified  in  practice  by  the  character  of  the 
iron  from  which  the  link  is  made. 

The  equations  indicate  that  when  the  links  are  without  studs  they 
might  stretch  until  they  nipped  each  other  and  then  be  in  the  best  pos- 
sible position  to  resist  stress,  the  sides  being  parallel  and  separated  but 
by  their  own  diameter,  the  ends  so  closed  together  that  the  stress  is 
received  and  transmitted  through  bearing  surfaces  much  greater  than 
before  the  parts  had  yielded  to  stress. 

Our  experience  in  testing  cable-links  showed  us  that  with  all  classes  of 
iron  this  tendency  to  assume  the  strongest  possible  form  existed,  but  in 
very  different  degrees,  and  in  this  difference  we  find  a  possible  reason 
for  the  different  conclusions  that  have  been  arrived  at  by  the  English 
experimenters  and  by  ourselves.  The  English  use  for  chain-cables  iron 
of  great  tenacity,  and  the  studs  to  their  links  are  made  of  malleable  iron. 

Our  experiments  have  been  made  both  with  links  of  iron  of  similar 
character  and  with  others  made  from  iron  with  medium  and  low  tenac- 
ity, but  with  great  ductility  and  power  of  flexure.  In  all  cases  we 
have,  however,  used  the  ordinary  cast-iron  stud. 

The  links  made  from  ductile  iron  would  under  tension  assume  as  closely 
as  possible  the  strongest  form,  as  indicated  by  the  equation. 

One  side  of  the  link  would  become  straight,  pressiug  the  stud  against 
the  other  side,  until  the  latter  had  buckled  to  considerable  extent,  when 
the  rupture  would  take  place  upon  this  greatly  arched  side,  the  iron  tear- 
ing apart  as  shown  in  Figs.  1,  2,  and  3  in  the  accompanying  illustration. 

If  the  link  were  made  of  coarse,  hard  iron,  with  little  ductility,  the 
stress  upon  the  sides  would  not  be  relieved  by  the  closure  of  either,  but, 
both  resisting  the  change  of  form,  would  yield  to  the  stress,  which  would 
be  resolved  by  the  stud's  resistance  into  a  transverse  strain,  and  the  link 
after  rupture  would  appear  as  is  shown  in  Figs.  6  and  7  of  the  illustra- 
tion, the  fracture  being  nearly  at  right  angles,  and  showing  a  square 
cut  across  the  fibers.  If  made  of  iron  with  defective  welding  properties, 
one  link  would  cut  its  way  through  the  welded  end  of  the  other  at  a 
stress  not  sufficient  to  either  produce  closure  or  break  the  iron  where 
it  had  not  been  forged.  Fig.  5  illustrates  this  type  of  fracture,  it  being 
taken  from  a  link  of  iron  M. 

Fig.  4  illustrates  the  type  of  fracture  common  to  a  very  soft  iron,  which 
occurs  sometimes  through  the  weld  end  and  sometimes  through  the  butt. 
In  some  respects  it  resembles  that  shown  in  Fig.  5,  but  examined,  it  will 
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be  seen  that  in  case  of  the  latter  there  was  no  reduction  of  area  at  fract- 
ure and  no  indication  of  an  attempt  to  close,  while  in  Fig.  4,  with  one 
side  nearly  straightened  and  the  iron  near  the  fracture  reduced  greatly, 
it  can  be  seen  that  simple  lack  of  the  necessary  hardness  was  the  cause 
of  the  break  through  the  end. 

Fig.  4  is  from  a  link  of  iron  F,  which  was  very  ductile ;  the  diminution 
of  area  was  so  great  that  sufficient  was  not  left  to  resist  the  stress. 

Experiments  made  upon  iron  of  the  type  shown  in  Figs.  1,  2,  and  3, 
showed  that  the  excess  of  the  strength  of  the  unstudded  link  over  that 
of  the  studded  ranged  from  12  to  17  per  cent.,  averaging  about  15  per 
cent,  of  the  strengthof  the  studded  links,  while  with  links  made  of  iron 
from  the  class  shown  in  Figs.  6  and  7,  the  excess  of  strength  was  about 
5  per  cent.,  as  shown  by  the  following  tests: 

Experiments  upon  comparative  strength  of  studded  and  unstudded  links 
made  from  soft,  ductile  irons  (C  and  F).    Diameter  of  iron  1£". 

The  links  were  arranged  in  seven  section  of  three  links  each,  of  which 
the  center  link  was  in  each  case  an  open  one,  and  the  two  end  links  (E 
It)  of  the  test  were  connected  to  the  proving-bar  by  means  of  links  of 
considerably  greater  diameter  (l-tV  )•  The  stress  being  thus  trans- 
mitted and  received  through  bearing  surfaces  of  greater  extent  than  in 
case  of  the  open  links,  they  should  have  resisted  more  strain  had  the 
strength  of  the  two  styles  of  link  been  equal. 

After  pulling  each  section  until  one  of  the  links  broke,  the  pair  re- 
maining, was  again  pulled  till  one  broke,  and  finally  the  unbroken  remain- 
ing link  was  broken. 

The  results  of  tests  were  as  follows: 
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The  bar  from  which  sections  Fos.  1  and  2  were  made  had  a  tensile 
strength  of  59,000  pounds;  Nos.  3  and  4  were  from  bars  with  tensile 
strength  of  57,000  pounds ;  Nos.  5  and  0  from  bars  with  54,000,  and  No. 
7  from  a  bar  with  57,700  pounds  tensile  strength. 

In  every  case  when  there  were  both  open  and  studded  links  connected 
the  studded  link  first  broke.  In  six  tests  the  open  link  of  1£"  diameter 
of  good  iron  broke  the  1-&"  link  of  inferior  iron,  and  twice  the  shackle- 
pin  of  steel. 

The  maximum  strength  of  the  studded  links  on  the  first  pull  was 
96,960 pounds ;  the  minimum,  79,488  pounds;  the  average  of  six,  88,030. 

Jn  three  cases  where  a  studded  link  was  pulled  the  second  time,  the 
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maximum  strength  was  98,688  pounds,  minimum  89,088  pounds,  and 
average  93,188  pounds. 

The  maximum  strength  found  in  an  open  link  was  109,632  pounds  on  a 
sixth  pull,  the  next  105,576  on  a  second  pull,  and  the  minimum  upon  any 
pull  was  82,170  pounds,  the  average  strength  of  eight  being  101?327 
pounds,  the  inferior  iron  (contract  chain-iron)  of  which  the  end  links 
were  made  breaking  upon  second  and  third  pulls,  at  irom  67,200  pounds 
to  96,000  pounds,  averaging  82,383  pounds.  From  which  we  deduce  that 
of  the  same  iron  an  unstudded  cable  would  have  exceeded  in  strength  the 
studded  one  in  actual  strength  over  13,000  pounds,  or  15  per  cent.,  and 
that  after  having  been  subjected  to  stress  sufficient  to  break  the  studded 
links  the  unstudded  cable  would  have  still  proved  reliable j  and,  further, 
that  a  vessel  provided  with  a  studded  cable,  made  of  this  good  chain- 
iron  of  1  J"  diameter,  of  which  150  fathoms  would  weigh  five  tons,  would 
have  possessed  more  reliable  ground-tackle  than  if  the  cable  had  been 
of  the  1-jV7  contract-iron,  weighing  eight  tons. 

During  the  experiment  recorded,  several  times  it  happened  that,  either 
through  the  stress  or  the  recoil,  one  of  the  studded  links  became  an  open 
one  by  the  stud  splitting  and  flying  out. 

A  second  series  of  experiments  was  made  with  links  made  from  iron 
B,  a  strong  but  brittle  iron  with  good  welding  qualities.  Ten  pairs  of 
open  links  and  ten  of  studded  links  were  prepared  and  tested  by  ten- 


sion, with  results  as  follows: 


Comparison  of  the  strength  of  studded  and  open  links  of  iron  B.    Size  of  iron,  l-fr". 
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The  average  strength  of  the  open  link  exceeded  that  of  the  studded 
7,191  pounds,  or  4.8  per  cent,  of  the  strength  of  the  latter,  and  seven  of 
the  open  links  were  stronger  than  the  strongest  of  the  studded  ones. 

The  lower  stress  at  which  the  form  of  the  open  link  begins  to  change, 
and  the  increased  elongation  produced  by  stress,  indicate  that  the  stua 
has  its  value,  but  in  its  use  it  is  desirable  to  know  its  exact  effect 

The  appearance  of  links  with  and  without  stud,  when  strained  to  the 
point  of  rupture  of  the  former,  is  shown  in  the  accompanying  cut,  which 
is  taken  from  a  photograph  of  a  section  of  iron  O,  lg"  links,  which  broke 
at  a  stress  of  207,000  pounds. 
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The  first,  third,  and  fifth  links  were  without  stud,  the  second  and 
fourth  studded,  the  rupture  taking  place  on  the  second  link,  it  being 
the  nearest  studded  link  to  the  engine  which  produced  the  stress. 

With  links  made  from  a  ductile  iron,  the  stud  preventing  closure  of 
the  sides,  the  two  ends  are  drawn  down  to  a  lozenge  shape,  or  one  side 
of  the  link  straightens,  while  the  other,  being  forced  outward,  tears  apart 
at  the  quarter,  the  weld  being  frequently  pried  open. 

If  the  material  is  coarse  and  not  ductile,  the  sides  will  break  trans- 
versely through  the  leverage  of  the  stud. 

Whatever  the  nature  of  the  material  of  which  the  link  is  made,  the 
stud  is  a  source  of  weakness,  it  causing  the  brittle  iron  to  break  trans- 
versely, and  subjecting  the  more  ductile  to  undue  crushing  and  shearing. 

In  addition  to  the  evidence  given,  abstracts  from  our  tests  show  that 
in  breaking  33  sections  of  links  of  irons  F#,  D,  O,  and  N,  which  were 
composed  of  both  studded  and  unstudded  links,  in  29  cases  the  link 
which  broke  was  a  studded  one. 

From  the  facts  recorded,  we  feel  that  we  are  justified  in  saying  that, 
beyond  doubt,  when  made  of  American  bar-iron,  with  cast-iron  studs, 
the  studded  link  is  inferior  to  the  unstudded  one  in  strength. 

Therefore  we  place  the  stud  as  next  to  the  weld  among  the  elements 
which  tend  to  prevent  the  individual  links  from  developing  the  utmost 
possible  strength. 

Note  by  the  Editor. — Although  the  evidence  furnished  by  daily 
repetitions  of  experiments,  for  a  period  of  nearly  two  years,  was  sufficient 
to  convince  all  who  were  engaged  in  the  practical  worfc  of  testing  chain- 
cables  to  destruction,  that  the  unstudded  link  was  stronger  than  the 
studded,  yet  the  portion  of  such  evidence  embodied  in  the  preceding 
paper,  failed  to  settle  the  question  definitely,  and  the  views  advanced, 
have,  since  the  publication  of  this  repqrt,  been  subject  to  adverse  criti- 
cism, not  only  in  this  country,  but  in  the  columns  of  several  English 
journals  and  papers.  But  one  of  the  articles  published,  in  which  issue 
was  taken  with  the  conclusions  of  the  United  States  board,  gave  any 
facts  or  data  to  support  the  assertion  that  we  were  evidently  wrong. 
The  article  referred  to  was,  however,  one  the  source  of  which  entitled 
it  to  credit,  for  it  was  based  upon  the  results  of  a  series  of  experiments 
carried  on  by  order  of  the  Bureau  of  Equipment  of  the  Navy  Depart- 
ment by  officers  of  the  Navy,  at  the  navy-yard  in  Washington,  and  the 
tests  were  made  by  the  same  machine  which  had  been  used  by  the 
board,  and  from  this  series  of  experiments,  almost  identical  in  their 
nature  with  those  which  had  been  carried  on  by  the  editor,  and  upon 
which  the  views  of  the  board  in  regard  to  the  effect  of  the  stud  were 
based,  a  conclusion  was  drawn  which  was  directly  the  opposite  of 
that  of  the  board;  and  this  conclusion  was  embodied  not  only  in  an 
official  report,  but  in  an  article  on  chains  and  chain-iron,  which  was 
published  in  the  Quarterly  Service  Magazine,  of  August,  1880,  as  fol- 
lows: 

"  There  is  a  great  difference  of  opinion  as  to  what,  if  any,  benefit  there 
is  to  the  chain  by  the  introduction  of  the  stud.  It  has  always  been  held 
until  lately  that  the  cable  is  thereby  increased  in  strength.  Luce  in  his 
Seamanship,  says  'the  cable  is  strengthened  one-fourth,'  while  Beardslee 
in  his  Iron-Board  Tests,  says  'the  stud  weakens  the  chain.' 

One  hundred  triplet  samples  were  made  expressly  for  test,40  of  them 
without  studs,  30  with  cast-iron,  and  30  with  wrought-iron  studs;  these, 
on  being  pulled  to  destruction,  stood  as  follows:  wrought-iron  studs, 
first;  cast-iron  studs,  second;  without  studs,  last." 
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This  result,  so  opposite  to  those  obtained  by  the  committee  of  the 
board,  naturally  attracted  the  attention  of  the  chairman,  under  whose 
supervision  the  tests  recorded  by  the  board's  report  had  been  made,  and 
who  was  responsible  for  the  views  arrived  at,  whether  erroneous  or 
otherwise*and  the  chief  of  the  bureau  of  equipment,  Commodore  Earl 
English,  U.  S.  N.,  very  kindly  acceded  to  his  request,  and  not  only 
furnished  to  him  a  copy  of  the  report  in  detail  of  the  experiments,  but 
authorized  a  further  investigation  of  the  subject. 

The  following  is  the  record  in  detail  of  the  strains  at  which  the  links 
referred  to  were  broken : 

[Abstract  from  records  at  navy-yard  Washington,  D.  C] 

Competitive  tests  upon  100  short  sections  of  If"  chain  links — 3  links  in  each  section. 

[30  fitted  with  cast-iron  studs ;  30  fitted  with  wronght-iron  studs ;  30  of  fall-length  bolt  without  studs; 
10  of  shortened  bolt,  without  studs.    Tests  were  made  in  January,  1880.] 
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*  Tests  marked  *  are  referred  to  in  the  following  discussion. 

The  bolts  from  which  the  ten  sections  marked  "close  links  *  were 
made  were  shortened  from  12  to  11  diameters. 

The  officer  under  whose  supervision  the  foregoing  tests  were  made, 
after  a  discussion  of  the  data,  concludes  as  follows :  "  It  is  found,  con- 
trary to  Commander  Beardslee's  book  on  chain  cables,  and  the  report  of 
the  United  States  board  that  cables  with  studs  are  stronger  than  those 
without  them  (this  is  with  iron  manufactured  at  the  equipment  rolling- 
mill),  and  agrees  with  results  obtained  in  England  upon  other  irons." 

After  careful  examination  of  the  data  furnished,  the  editor  fails  to 
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perceive  that  its  nature  is  such  as  to  present  any  proof  that  the  views 
hitherto  expressed  by  the  United  States  board  are  erroneous,  and  he 
would  respectfully  submit  the  following  analysis  and  discussion  of  the 
evidence: 

The  question  is,  simply,  which  is  the  stronger,  a  link  with,  or  one  with- 
out a  cast-iron  stud,  and  the  data  as  furnished  is  of  a  nature  that  it  can 
be  used  to  prove  either  or  both  sides  of  the  question. 

For  our  purposes  it  will  be  treated  exactly  as  have  been  all  other  col- 
lections of  data  from  which  the  conclusions  given  in  this  report  have 
been  drawn,  and  the  facts  given  will  not  be  twisted  or  warped  to  fit  any 
preconceived  theory. 

First,  the  means  as  given  will  be  considered.  If  the  evidence  pre- 
sented by  them  is  to  be  accepted  as  conclusive,  the  verdict  in  favor  of 
the  superior  strength  of  the  studded  links  is  not  without  foundation,  for 
the  mean  of  breaking  strains  of  30  of  this  type,  exceeds  that  of  30  unstud- 
ded  links  by  8,000  pounds. 

The  question  arises;  is  this  difference  so  great  that  it  is  beyond  doubt 
due  to  the  presence  or  absence  of  the  stud!  If  links  of  the  same  type 
differ  in  strength  by  equally  as  great  an  amount  it  will  be  fair  to  assume 
that  this  difference  may  be  due  to  some  cause  other  than  the  stud. 

Examining  first  the  recorded  breaking  strains  of  the  30  studded  links, 
we  find  between  the  maximum  strength,  177,600  pounds,  and  mini- 
mum, 147,600  pounds,  a  difference  of  30,000  pounds ;  between  the  pair 
next  to  maximum  and  minimum,  viz,  176,000  and  152,400,  a  difference 
of  23,600  pounds;  between  the  next  pair  a  difference  of  22,000  pounds; 
and  it  is  not  until  the  sixth  pair,  viz,  Nos.  3  and  6,  is  reached  that  the 
difference  diminishes  to  that  which  exists  between  the  two  varieties, 
and  there  are  10  of  the  30  sections  tested  which  differ  from  the  average 
strength  of  the  series  by  more  than  9,000  pounds.  The  other  type  pre- 
sents the  same  irregularities  within  itself. 

Therefore  it  cannot  be  considered  as  certain  that  the  difference  of 
8,000  pounds  between  the  two  types  settles  the  question,  for  compared 
with  the  differences  existing  in  strength  of  links  of  the  same  type  it  is 
but  trifling. 

The  next  question  which  arises,  is  as  to  the  propriety  of  incorporating 
in  " means"  results  which  are  evidently  anomalous.  In  the  construc- 
tion of  the  various  tables  of  this  report  such  results  are  given,  for  they 
funish  valuable  evidence  upon  other  points,  such  as  uniformity  of  iron, 
skill,  or  want  of  it,  of  the  chain- welder,  &c,  but  they  are  not  allowed 
to  affect  the  value  of  means,  by  distribution  of  the  defects  of  individual 
samples  among  many  which  do  not  present  evidence  that  they  also 
are  defective.  Averages  to  have  value  should  be  made  up  of  factors  of 
some  uniformity.  For  instance,  the  weight  of  chain  cables  of  different 
sizes  cannot  be  ascertained  even  approximately  by  an  average  obtained 
from  irregular  numbers  of  1"  and  2"  chains ;  neither  can  the  normal 
strength  of  any  size  or  type  be  predicated  by  an  average  made  from 
tests  of  well-made  and  badly-made  links.  There  is  a  positive  limit  to 
the  strength  of  a  well-made  link ;  it  cannot  exceed  200  per  cent,  of  the 
bar's  strenght.  There  is  no  limit  to  the  amount  of  deterioration  which 
can  be  caused  by  burned  welds. 

In  classifying  certain  results  as  anomalous,  and  due  to  faults  incident 
to  the  individual  cases  it  is  necessary  to  establish  a  standard,  wide  varia- 
tion from  which  should  justify  suspicion. 

In  the  present  examination  the  standard  sought  for  is  the  normal 
strength  of  a  section  of  chain  link  made  from  1$"  iron,  suitable  for  chain 
cables. 

The  table  on  page  207,  "Probable  strength  of  cables,"  furnishes  a 
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standards  which  are  the  results  of  much  study.  In  it  we  And  that  the 
maximum,  average,  and  minimum  strengths  for  the  size  {ire  182,060, 
174,500,  and  166,000  pounds  (round  numbers).  Comparing  the  records 
under  discussion  with  these  standards  we  find,  first,  that  the  average 
strength  of  the  60  studded  links,  165,670  pounds,  approximates  closely 
to  the  minimum,  and  that  of  them  none  of  those  with  cast-iron  studs  reach 
the  maximum,  which  is  exceeded  by  three  with  wrought-iron  studs,  and 
equaled  by  the  mean  of  five  of  the  latter;  hence  strength  approxi- 
mating to  182,000  pounds  need  not  be  considered  as  anomalous,  and 
the  average  standard  is  equaled  by  the  mean  of  ten  of  the  cast-iron 
studded  links  and  by  that  of  fifteen  of  those  with  wTought-iron  studs. 

Of  the  sections  without  studs  we  find  that  one  test,  No.  2,  exceeds 
the  maximum,  and  the  mean  exceeds  the  average  standard. 

From  this  we  can  deduce  that  the  normal  strength  of  many  of  these 
sections  of  both  types  was  folly  up  to  the  standards,  and  that  in  every 
case  where  a  comparatively  low  strength  was  found  it  was  due  to  some 
cause  other  than  the  stud,  and  that  such  result  should  not  be  allowed 
to  enter  into  the  solution  of  the  problem. 

Previous  experiments  have  determined  that  the  greatest  variation 
from  the  standards  which  should  be  allowed  is  10  per  cent. ;  beyond  this 
there  is  in  all  probability  a  defect  in  the  links,  and  to  obtain  a  fair 
average  of  the  strength  of  the  sections  under  investigation  none  which 
broke  under  150,000  pounds  should  be  counted. 

Omitting  from  the  record  such  breaks,  we  eliminate  from  cast-iron 
studded  links  No.  25,  from  the  wrought-iron  studs  Nos.  20  and  26,  and 
from  those  without  studs  Nos.  5,  7, 12, 18, 19,  20,  and  30. 

With  this  correction  the  means  become  29  cast-iron  studs,  165,680 
pounds;  28  wrought-iron  studs,  167,730  pounds;  23  without  studs, 
165,870  pounds;  or,  making  a  general  average,  the  mean  of  80  tests  or 
If"  links  is  166,468  pounds,  from  which  neither  of  the  types  vary  one 
per  cent 

The  reason  why  so  large  a  proportion  of  the  defective  links  were  of 
those  without  studs  cannot  be  ascertained  with  certainty.  In  our  judg- 
ment the  absence  of  the  stud  had  no  influence  whatever,  and  the  weak- 
ness was  probably  due  to  unskillful  welding ;  the  iron  was  probably 
burned.  Whether  the  preponderance  against  the  studless  link  was  due 
to  accident  or  design  can  be  only  conjectured,  but  it  is  noticeable  that 
while  but  18  of  the  60  (30  per  cent.)  studded  links  broke  through  weld, 
19  of  the  30  (or  63  per  cent.)  unstudded  met  with  this  fate,  which  has 
been  pronounced  evidence  of  bad  welding. 

Bringing  into  the  discussion  the  record  of  the  ten  studless  links  made 
from  short  bolts,  it  is  found,  contrary  to  the  opinion  of  most  makers  of 
chain  cables,  that,  as  judged  by  these  samples,  the  shortening  of  the 
links  deprived  them  of  all  value,  for  the  irregularity  of  strength  dis- 
played is  remarkable,  and  no  conclusions  based  upon  any  three  or  four 
results  will  stand  against  the  evidence  of  as  many  others.  Burned 
welds  is  the  only  solution  which  presents  itself. 

The  views  of  the  editor  in  regard  to  the  preceding  tests  and  the  con- 
clusions based  upon  them  having  been  submitted  to  the  Chief  of  the 
Bureau  of  Equipment,  he,  in  March,  1881,  authorized  a  renewal  of  the 
investigation,  and  a  series  of  experiments  was  carried  on  by  Commander 
E.  D.  Evans,  IT.  8.  N.,  the  equipment  officer,  and  by  Lieut.  John  H. 
Coffin,  U.  S.  N.,  his  assistant. 

These  were  conducted  as  follows  (quoting  from  the  report  of  Lieuten- 
ant Coffin): 

"From  a  large  lot  of  blooms  which  had  been  prepared  in  the  usual  way  for  chain- 
cables  twelve  were  taken  at  random  and  rolled  into  1}"  bars.    The  fag-ends  were  cut 
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off,  nicked  in  the  center,  and  bent  to  right  angles,  showing  good  fiber.  From  each 
bar  six  cable  bolts  were  cut,  of  the  usual  length,  and  welded  np  into  two  triplets,  one 
triplet  studded  and  one  open,  the  end  link  being  of  a  larger  size.  This  gave  nine 
triplets  of  each  kind,  a  studded  and  unstudrled  one  from  each  bar,  which  were  welded 
by  the  same  welder,  and  made  as  nearly  alike  as  possible. 

Upon  test  the  mean  strength  of  these  sections  was :  12  studded  chains, 
144,833  ponnds;  12  unstadded  chains,  148,333  pounds;  the  first  ranging 
from  157,000  to  132,000  pounds,  the  latter  from  109,000  to  129,000  pounds; 

A  second  set  of  tests  was  made  upon  another  lot  of  the  same  iron, 
but  the  results,  which  included  breaking  strains  ranging  from  143.000 
down  to  106,000  pounds,  were  so  very  irregular  that  they  were  or  no 
value,  none  of  either  type  going  much  beyond  the  minimum  of  the  pre- 
ceding lot.  In  every  case  of  very  low  strength  the  welds,  which  were 
made  by  one  man,  were  marked  "solid,"  which  seems  to  indicate  that 
with  him  a  solid  weld  was  a  burned  one. 

A  third  experiment  was  tried  in  March,  1881,  upon  1£"  links,  prepared 
and  tested  as  were  the  other  two  lots.  Twelve  triplets  of  each  kind 
gave  results:  9  studded  links,  140,378  pounds;  9  unstudded  links, 
139,756  pounds ;  the  former  ranging  from  153,000  to  125,600  pounds,  the 
latter  from  163,000  to  112,000  pounds. 

For  the  present  discussion  the  strength  of  the  twenty-one  sections  of 
each  type  are  arranged  as  follows : 

[Abstract  from  records  of  navy-yard,  Washington,  D.  C.J 

Competitive  tests  made  upon  forty-two  sections  of  three  links  each,  of  IV  iron. 

[Twenty-one  sections  each  of  studded  and  unstudded  links.] 
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Applying  to  the  above  tests  the  same  reasoning  applied  to  those  of 
the  If",  we  find  by  table,  page  207,  that  the  maximum,  average,  and 
minimum  strength  to  be  expected  of  1£"  chain  is  157,000, 150,500,  and 
343,000  pounds;  and  in  this  case,  as  with  the  others,  the  average  of 
most  of  the  links  approximates  closely  to  the  latter.  And  with  no  other 
guide  we  would  be  justified  in  declining  to  incorporate  in  the  means 
11  TM 
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finch  figures  as  169,000  and  112,000;  bat  we  have  here  a  simple  and 
reliable  indicator  as  to  which  links  should  not  be  counted,  viz,  those 
made  from  the  same  bar  which  differ  over  10,000  pounds.  Omitting 
those  which  are  marked  (*),  the  corrected  means  become,  for  9  studded 
links,  143,330  pounds;  9  unstudded  links,  144,510  pounds. 

Thus  corrected  or  uncorrected,  the  evidence  given  by  the  1£"  tests 
shows  that  the  difference  probably  due  to  the  effect  of  the  stud  is  with 
iron  of  the  ductility  of  this  lot  very  slight  and  uncertain,  a  result  which 
was  foreshadowed  in  the  comparison,  page  155,  which  shows  that  with 
coarse  brittle  iron  the  strength  of  the  unstudded  exceeds  that  of  the 
studded  by  15  per  cent,  a  difference  which  is  reduced  to  5  per  cent, 
upon  more  suitable  iron. 

Summing  up  the  evidence  given  by  this  series  of  tests,  we  have — 

Pounds. 

Strength  of  29  studded  If" 165,680 

Strength  of  23  unstudded  1£" 165, 870  =     190  pounds  over  studded. 

Strength  of  21  studded  H' ' 142, 290 

Strength  of  21  unstudded  1J" 144, 610  =  2, 320  pounds  over  studded. 

Strength  of  9  selected  studded  1  \" 143, 330 

Strength  of  9  selected  unstudded  lj"  . .  144, 510=  1, 180  pounds  over  studded. 

The  difference  in  each  case  being  in  favor  of  the  conclusion  that  the 
studded  link  is  not  as  strong  as  the  unstudded. 

Looking  over  the  data,  we  find  that  the  strongest  If"  section  (186,000 
pounds)  was  unstudded,  and  a  second  section  tied  the  strongest  of  the 
studded  links. 

With  the  1£"  the  strongest  (169,000  pounds)  was  unstudded,  and 
tkree  others,  viz,  (No.  16, 10,  and  11,)  exceeded  the  strongest  of  the  studded 
links  (No.  3,  157,000  pounds). 

Taken  by  itself  this  data  would  indicate  that  the  links  were  nearly 
equal  in  strength ;  taken  in  connection  with  the  previous  results,  it  is 
strongly  confirmatory  of  the  views  of  the  Board,  which  will  therefore  be 
adhered  to  until  disproved. 

Desirous  of  making  this  record  as  complete  as  possible,  the  editor 
addressed  letters  to  Mr.  Joseph  B.  Carr,  proprietor  of  the  chain  factory 
at  Troy,  New  York,  and  to  Mr.  H.  L.  Fearing,  proprietor  of  the  Stand- 
ard Chain  Works  at  East  Bridgewater,  Mass.,  requesting  these  gentle- 
men to  have  tested  a  few  sections  of  chain  cable,  similar  in  all  respects, 
except  in  the  fitting  or  omission  of  the  stud.  Both  gentlemen  responded 
favorably,  and  furnished  the  results  of  the  tests. . 

General  Carr  made  two  sections  of  several  links  each  of  1"  and  y 
chain,  having  half  of  each  studded  and  half  unstudded.  Both  were 
pulled  asunder,  and  it  was  in  each  case  a  studded  link  which  parted. 

Mr.  Fearing  prepared  six  sections  of  1J"  chain,  made  of  Burden  & 
Sons'  chain-iron,  three  of  which  were  studded  and  three  unstudded. 
These  were  broken  at  the  following  strains  upon  his  testing  machine : 


Studded  links. 

Ho.  t 

Unstudded  links. 

Ho.  i 

Pound*. 
63,440 
86,680 
845,800 

Pounds. 
'     90,  i20 

Ho.  2 

Ho.  2 

91,840 

Ho.  8 

Ho.  3 

92,900 

Average. ............... 

85,307 

91,840 

A  difference  of  6,533  pounds  in  favor  of  the  unstudded  links. 
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Both  of  the  above-named  gentlemen  are  of  the  opinion  that  the 
unstudded  is  stronger  than  the  studded  link. 

OTHER  SOURCES  OF  WEAKNESS. 

There  is  still  another  cause,  which  does  not,  however,  necessarily 
always  exist,  why  chain  cables  do  not  possess  the  greatest  strength 
possible  for  the  size,  and  this  is  the  custom  which  prevails  to  a  certain 
extent  of  purchasing  the  iron  in  bolts  cut  to  the  length  required  to 
make  the  links.  By  this  system  there  can  be  no  guarantee  to  the  cable 
manufacturer  that  the  furnisher  of  the  iron  has  not  mixed  with  the  iron 
selected,  many  bolts  of  inferior  and  cheaper  material,  and,  perhaps, 
some  of  a  smaller  size  than  is  called  for. 

We  have  found  that  in  several  lots  of  iron  there  were  bolts  which 
were  evidently  of  a  very  different  character,  and  in  many  cases  bolts 
from  one  to  four  hundredths  of  an  inch  scant.  This  deficiency  in  size 
becomes  of  importance  when  the  bolt  is  transformed  to  a  link,  as  may 
be  shown  thus: 

Bar  2"  diameter,  tensile  strength  52,000  pounds  per  square  inch, 
strength  of  link  266,281  pounds. 

Bar  1.96"  diameter,  tensile  strength  52,000  pounds  per  square  inch, 
strength  of  link  255,710  pounds. 

Assuming  that  in  each  case  the  link  was  equal  to  163  per  cent,  of  the 
bar's  strength. 

The  risk  from  this  cause  naturally  depends,  to  a  great  extent,  upon 
the  character  of  the  persons  who  furnish  and  of  thobe  who  manufacture 
the  iron,  and  upon  the  degree  of  care  which  is  exercised  at  the  mills. 
We  have  shown  that  deficiency  in  welding  properties  stands  first,  and 
the  action  of  the  stud  second  in  the  list  of  causes  which  prevents  the 
cable-link  from  developing  the  full  strength  of  twice  that  of  the  bar. 

Our  experiments  indicate  that  the  former  cause  is  frequently  mani- 
fested by  the  tenacity  of  the  bar ;  if  the  tensile  strength  is  high,  its  ex- 
cess is  probably  due  either  to  chemical  constituents,  which  increase 
tenacity  at  the  expense  of  welding  properties,  or  to  excessive  work,  of 
which  the  tendency  is  to  effect  the  same,  the  amount  of  work  which 
would  be  excessive  varying  with  the  nature  of  the  material. 

The  effect  of  the  former  source  is  fully  discussed  in  the  comparison 
of  chemical  and  physical  results;  that  of  the  latter  has  been  made 
very  evident  throughout  our  experiments.  A  few  typical  examples 
will  be  given  in  which  the  variation  in  the  welding  value  was  apparently 
due  to  variations  in  the  amount  of  work,  the  irons  being  of  similar  com- 
position. 

In  case  of  irons  F  and  Fa?,  both  were  of  the  same  material,  Fa?  receiv- 
ing, however,  much  more  work  than  F,  the  piles  from  which  the  bars 
were  rolled  being  larger.  Fa?  exceeded  in  tenacity,  was  equal  if  not 
superior  in  power  to  resist  sudden  strain,  and  ductility,  but  inferior 
as  cable,  on  account  of  decreased  welding  value.  Iron  Fa?  developed  in 
the  link  form  an  average  of  154  per  cent,  of  the  bar's  strength,  and  iron 
F  over  163  per  cent,  of  the  same. 

With  irons  F,  Fa?,  O,  and  P,  all  of  which  were  of  choice,  ductile  mate- 
rial, the  small  bars,  which  had  received  the  most  work,  made  the  poorest 
cable. 

With  irons  A,  N,  B,  0,  which  were  made  from  comparatively  coarse 
material,  the  effect  of  increased  work  was  to  improve  them  in  every 
respect,  the  smaller  and  most  thoroughly  worked  sizes  making  the  best 
cable.    With  N,  for  instance,  the  lg"  thoroughly  worked,  in  comparison 
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with  the  2",  developed  164  per  cent,  of  bar  strength,  while  the  2"  de- 
veloped but  141  per  cent.  With  B  the  lf| ",  developed  162  per  cent, 
and  the  l-ft",  more  worked,  176£  per  cent.  With  O  the  1£"  developed 
153  per  cent,  and  the  1$",  162  per  cent  With  all  of  these  irons  the 
tenacity  of  the  small  was  higher  than  that  of  the  larger  bars.  The 
question,  therefore,  as  to  the  amount  of  tenacity  which  indicates  de- 
ficiency in  welding  value  is  one  which  is  dependent,  to  a  great  extent, 
upon  the  character  of  the  material.  The  amount  which  indicates  a 
probable  lack  of  power  to  resist  sudden  strains  also  depends  greatly 
upon  the  same.  Iron  Far,  with  greater  tenacity  than  F,  was  equally 
valuable  in  this  respect,  as  were  A,  D,  and  P#. 

But  there  is  another  element  which  complicates  this  question:  the 
amount  of  tenacity  which  indicates  probable  high  or  low  welding  value 
and  ductility  depends  in  the  same  material  to  a  great  extent  upon  the 
diameter  of  the  bar,  and  differs  with  every  variation  in  size.  The  prob- 
lem thus  became  to  fix  upon  the  tenacity  which  upon  each  size  of  bar 
used  ordinarily  for  cables  indicates  probable  high  welding  value  and 
freedom  from  brittleness. 

The  history  of  our  efforts  to  solve  this  problem,  with  such  solution  as 
we  have  found,  is  embodied  in  the  papers  "Investigation  of  the  effect 
of  the  rolls,"  and  "Proving-strains  for  chain -cables." 

The  facts  upon  which  our  theories  are  based  are  the  strength,  elastic 
limit,  and  resilience  of  bars,  already  given,  the  same  of  links,  and  the 
comparison  of  the  strength,  &c,  of  both,  which  will  be  here  inserted. 

Detailed  description  of  method  of  testing  cables. 

Our  records  embrace  the  results  of  strength,  &c,  obtained  by  the  rup- 
ture of  229  sections  of  cables,  of  various  diameters  and  lengths,  made 
from  eighteen  different  irons. 

These  are  given  in  the  tabulated  record  of  breaking  strains,  arranged 
in  the  order  of  the  relative  strength. 

The  history  of  a  few  of  our  tests  will  be  given  in  detaiL 

The  links  were  generally  arranged  as  shown  in  the  cut — the  end 
links,  Nos.  1  and  5,  and  center  link,  No.  3,  being  unstudded,  the  others 
studded.  The  end  links  were  in  some  cases  of  greater  diameter  than 
the  links  to  be  tested,  in  which  case  they  were  not  recorded  in  the  num- 
ber of  links  in  section. 


After  we  had  decided  upon  the  superior  strength  of  the  unstudded 
link,  our  test-sections  were  prepared  with  end  links  of  the  same  size  and 
iron  as  the  other  links,  but  without  studs ;  and  in  breaking  over  400 
sections  thus  arranged  the  end  link  broke  in  but  eight  cases. 

The  shackle-pins  were  oval,  and  made  to  correspond  with  the  diame- 
ter of  the  links. 
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Test  a*  cable,  of  iron  Fx. 
(Links  arranged  as  per  eat    Stretch  recorded,  when  .08  was  observed,  on  No.  2  link.  J 


J 

1 

i 

• 
u 

m 

«  • 
u 
•*» 
00 

Elongation  of — 

! 
i 

M 

a 

ii 
r 

I* 

Elongation  of  unbroken 
links. 

o 

I 

No.  2. 

No.  a. 

2*0.4. 

No.  2. 

No.  8. 

No.  4. 

u 

2 

8 
8 
8 
8 
8 
8 
8 
8 
3 

Pound*. 

84,800 
44,400 
61,100 
78,000 
80,000 
08,000 
100,000 
110,000 
117,200 

// 

.08 

.03 

.03 

.05 

.03 

.08 

.08 

.08 

.03 

u 

.11 

.16 

.14 

.24 

.28 

•28 

.28 

.22 

.19 

it 

.08 

.08 

.05 

.08 

.04 

-06 

.04 

.03 

.04 

Pound*. 
70, 800 
81,400 
111,000 
124,000 
153,000 
166;  000 
185,000 
205,600 
240,000* 

4 
2 
2 
8 
2 
2 
2 
3 

T.W. 

Q.W. 
Q.W. 
Q.W. 
T.W. 

// 
.50 

"*L60" 
L50 

.62 
.70 
LOO 

"ilii" 

1.85 
L20 

"L7o" 

n 

*72 

.70 
.75 
1.00 
1.25 
1.40 
1.30 
LOO 

*  Not  broken. 

Fire  ruptures  occurring  on  link  No.  2,  one  on  No.  4  studded,  and  two  on  open  links,  in  one  of  which 
the  weld  drew.  The  elongation  produced  upon  the  open  links  by  the  stress  which  broke  the  studded 
ones  was  not  sufficient  to  greatly  Impair  their  usefulness;  the  1",  with  original  inner  diameter  of  1.55", 
being  reduced  to  1.40";  the  1*",  original  inner  diameter  2.8".  after  stress  2.50",  and  the  others  In  pro- 
portion, there  being  sufficient  room  for  the  links  to  traverse  freely. 


Test  a$  cable,  of  iron  D. 
(Links  arranged  as  per  cut.    Results  as  follows :] 


I 


Elongation  of— 

No.  2. 

No.  8. 

No.  4. 

// 

a 

ii 

.08 

.10 

.04 

.08 

.16 

.08 

.08 

.20 

.05 

*    .08 

.26 

.04 

.08 

.80 

.08 

.08 

.25 

.04 

.03 

.M 

Lost. 

.08 

.82 

.03 

.08 

.22 

.05 

e 


i 


Elongation  of  unbroken 
links. 


No.  2. 


No.  8. 


No.  4. 


Pounds. 
86,200 
45,000 
55,200 
71,500 
80,100 
90,000 
99,000 
112,800 
116,000 


Pounds. 
79,200 
87,500 
113,000 
137,200 
173,000 
182,000 
204,000 
215, 000 
240,000* 


LOO 

"L70* 
2.00 
1.55 


.50 
.75 
.80 
LOO 
L50 
1.80 
1.40 
1.75 
1.70 


.75 

.80 

.80 

L26 


1.20 


1.40 


*  Not  broken. 

Eight  ruptures  occurred  on  studded  links,  five  of  which  were  on  No.  2.    Nearly  all  of  the  unbroken 
open  links  were  serviceable  after  rupture  of  the  studded  ones. 
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Teste  <u  cable  «/  iron  0. 
[Links  arranged  as  per  cnt ;  results  as  follows :] 


QQ 


Elongation  of— 


No.  2. 


No.  3. 


No.  4. 


I 


* 


I 


Elongation  of  unbroken 
links. 


No.  2. 


No.  3. 


No.  4. 


Pound*. 
31,400 
85,000 
45,800 
51,200 
60,000 
74,500 
90,000 
102,000 
110,800 


.03 
.02 
.05 
.04 
.04 
.03 
.02 
.08 
.02 


.23 
.16 
.22 
.20 
.14 
.15 
.25 
.22 
.20 


.03 
.08 


.03 
.08 
.03 
.03 
.03 


Pounds. 
68,000 
80,900 
95,600 
125,400 
155,500 
180,000 
207,000 
237,000 
238,000 


.66 


.56 


1.80 


1.00 
.63 

".90* 
L32 
1.32 
L50 
2.00 
.40 


.53 
.40 
.60 
1.60 
1.50 
1.40 


.503 


Six  of  the  ruptures  occurred  on  No.  2  link,  two  on  No.  4,  and  one  on  No.  3.  The  weld  of  the  2"  drew 
and  it  broke  much  under  its  real  strength,  as  is  shown  by  the  slight  elongation. 

It  is  probable  that  so  very  ductile  and  expensive  an  iron  as  O,  which  is  first-class  charcoal  blown, 
will  seldom  be  made  into  chains,  hence  we  reason  that  as  some  of  the  open  links  were  serviceable  after 
the  rupture  of  the  studded  ones,  that  we  are  furnished  with  their  comparative  value.  With  a  harder 
iron  the  elongation  would  have  been  less. 

Tests  as  cable  of  iron  N. 

We,  having  but  a  small  quantity  of  this  iron,  were  not  able  to  arrange 
the  links  in  the  same  manner  as  with  the  preceding  tests.  They  were 
arranged  thus:  No.  1,  open;  Nos.  2  and  3,  studded;  No.  4,  open. 

The  results  of  the  tests  were: 


3 

I 

Stress   at  first 
stretch. 

Elongation  of— 

! 
I 

1 

1 

"s 

1 

t-4      . 

Elongation  of  unbroken 
links. 

1 

* 
s 

55 

~4 

£ 

£ 

•J 

£ 

<4 

£ 

°  £ 

£ 

£ 

£ 

a 

Pound*. 

a 

a 

a 

it 

Pound*. 

n 

a 

it 

it 

it 

4 

45,000 

.06 

.08 

.03 

.11 

85,000 

2 

T.W. 

.63 

...... 

.73 

.50 

4 

58,000 

.08 

.03 

.05 

.09 

105, 000 

2 

.W. 

.62 



.80 

64 

1* 

4 

70,100 

.06 

.03 

.03 

.10 

126,400 

4 

.W. 

.82 

.82 

.88 

...... 

H 

4 

80,000 

.09 

.03 

.02 

.07 

152, 200 

4 

.W. 

.90 

1.00 

.87 

...... 

if 

4 

96,200 

.05 

.02 

.03 

.08 

195,500 

2 

l,W. 

1.10 

1.00 

1.50 

If 

4 

110,300 

.10 

.03 

.04 

.06 

201,100 

2 

.W. 

.65 

...... 

.60 

.50 

l* 

4 

116,200 

.11 

.04 

.03 

.12 

223,700 

2 

.w. 

1.12 

L38 

.90 

2 

4 

118,000 

.07 

.03 

.04 

.08 

282,000 

2 

T.W. 

.67 



.90 

1.03 

Six  of  the  ruptures  occurred  upon  No.  2  link,  all  upon  studded  links,  and  at  the  stress  at  which  they 
yielded  all  of  the  open  links  were  serviceable. 
This  is  a  hard,  coarse,  common  chain-iron. 

These  carefully  made  tests  indicate  that,  with  ordinary  chain  iron, 
although  the  first  stretch  of  the  open  link  is  produced  by  a  much  lower 
stress  than  that  which  the  studded  one  withstands,  yet,  upon  the  strain 
becoming  more  severe,  the  disproportion  in  its  effects  becomes  less,  and 
that  frequently  the  open  link  is  still  serviceable  after  the  studded  link 
has  broken. 

A  curious  phenomenon  was  noticed  during  these  tests.  Tn  breaking 
33  sections,  made  from  four  irons,  22  of  the  ruptures  occurred  upon  No. 
2  link. 

In  each  case  there  was  no  known  difference  in  the  strength  of  the  dif- 


TESTS  OF  METAL8. 


167 


ferent  links;  and  we  can  only  attribute  the  frequency  of  this  rupture  to 
the  location  of  the  link,  and  in  so  doing  we  recognize  that  the  action  of 
the  testing-machine  is  not  that  of  steady  tension,  as  we  had  hitherto 
assumed,  but  of  a  series  of  rapid  pulsations. 

No.  2  nnk  was  in  each  case  the  nearest  studded  link  to  the  engine  by 
which  the  force  was  developed,  and  a  theory  suggests  itself  by  which 
the  phenomenon  may  be  explained. 

The  tension  is  produced  by  strokes  of  a  hydraulic  pump ;  between 
these  strokes  the  chain  is  strained  by  the  amount  already  accumulated, 
and  this  strain  is  increased,  not  gradually,  but  by  a  succession  of  sharp 
strokes,  the  effect  of  which  is  probably  as  follows:  At  the  beginning,  as 
the  stress  becomes  equal  to  the  elastic  limit  of  No.  1  link,  which  is  not 
studded,  the  sides  slowly  close,  and  thus  a  portion  of  the  force  is 
absorbed,  and  No.  2  link  does  not  receive  so  great  a  strain  as  No.  1  has 
before  another  stroke  increases  that  upon  the  latter. 

When  the  stress  becomes  so  great  that  No.  1  has  closed  so  much  that 
nearly  as  much  is  required  to  further  close  it  as  to  break  it,  the  stress 
is  applied  at  once  to  No.  2  with  slight  reduction. 

No.  2  receives  this  stress  as  a  sudden  strain ;  but  by  the  mass  of  its 
material  and  its  inertia  transmits  it  to  Nos.  3  and  4  as  a  nearly  steady 
strain,  No.  2  acting  toward  Nos.  3  and  4  as  does  the  anvil  on  the  breast 
of  an  athlete,  and  absorbing  the  blow.  Finally,  No.  2  receives  a  stroke 
which  breaks  it  before  it  has  time  to  transmit  to  No.  3.  If  this  is  not 
the  cause  of  the  phenomenon,  we  are  unable  to  assign  one. 

The  following  records  were  obtained  in  the  manner  described: 

Breaking-strains  of  229  sections  of  links  of  various  irons. 


Where  broken. 


Where  broken. 


i 


In. 
1 


If 


5 
2 
2 
2 
3 
5 
3 
3 
8 

3 
2 
3 
2 
3 
3 
2 
3 
3 
8 

8 
8 
3 

3 
3 
8 
3 

3 
3 
3 
8 

SI 


Pounds. 
79,200 
73,632 
72,672 
71,712 
70,300 
69,600 
68,000 
67,600 
60,400 

89,280 
88,800 
87,600 
86,400 
85,000 
85,000 
84,500 
81,400 
80,000 
76,000 

123,500 
122,100 
119,800 
119,500 
119,000 
118,480 
114,000 
113,000 
112,500 
112,000 
112, 000 
111,000 


Qr.W... 
Qr.B.... 

...  do... 
Qr.W... 
do  .. 
Thro.B. 
ThraW 
ThraB. 

Qr.B... 
3r.W... 
— do  ... 
...  do... 
ThraW 
...  do... 
Qr.W... 
ThraW 
Qr.W... 
....do  ... 

Qr.B.... 
Thro.W 
Qr.W... 
— do  ... 

B 

Qr.W... 
TT  do... 
...do... 

B 

do  ... 
Qr.W... 
Qr.B... 


A. 

D. 

F. 

F. 

N. 

K. 

Fx. 

O. 

P. 

M. 

P. 
H. 

M. 
M. 
A. 
M. 
D. 
M. 
M. 
M. 
Fx. 


13 
14 
15 
16 
17 
18 
19 
20 
21 

1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 

5 

6 
7 
8 
9 
10 
11 
.  12 


In. 
1* 


1A 


H 


Pounds. 
110, 800 

107,  eoo 

105,000 
102,000 
101.700 
101,000 
96,000 
95,500 
92,000 

117,000 
115,000 
111,500 
110.500 
110, 000 
109,500 
109,500 
109,000 
92,000 
77,000 

137,200 
136,600 
136, 320 
134,592 
133,000 
132,480 
132,000 
128, 600 
127, 600 
126,800 
126, 600 
126,400 


W 

ThraB. 
r.W... 


r 
$ 


T.W., 


do... 
ThraW. 
...do.... 


?r.W  .. 
hraW. 

r.W.... 

r.B... 

:bra  B . . 
...do  .... 
Qr.W.... 
T.do  .... 
Thra  W . 
...do.... 


?r.W... 
braW. 
Sr.B.... 
r.W.... 
...  do... 
Qr.B.... 
Thro.  W . 
ThraB.. 
Thro.  W  . 
..  do.... 
...  do  .... 
Qr.W.... 


F. 
S. 
H. 
F. 
ML 
K. 
O. 
M. 

tf. 
H. 
P. 
P. 
P. 
P. 
P. 
P. 
H. 
H. 

D. 
H. 

A. 
V. 
M. 
A. 
M. 
F. 
M. 
M. 
M. 
If. 
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Breaking-strains  of  229  sections  of  links  of  various  iron*— Contirined. 


•  . 

• 

a  o 

e 

n 

& 

I 

1 

P 

i 

In. 

Pounds. 

13 

If 

8 

120, 000 

14 

3 

125,800 

16 

3 

125,000 

ie 

3 

125,000 

17 

3 

124,000 

18 

3 

122,500 

19 

3 

122, 000 

20 

8 

121,000 

21 

3 

120,500 

22 

3 

119,000 

23 

2 

119,000 

24 

3 

118, 400 

25 

8 

115,600 

20 

8 

115,000 

27 

8 

113,000 

28 

8 

111,000 

29 

3 

111,000 

80 

8 

106,000 

31 

8 

105,800 

32 

3 

103, 400 

33 

3 

96,000 

34 

3 

95,800 

35 

3 

95,000 

1 

Irir 

2 

155,040 

2 

2 

154,750 

8 

2 

154,000 

4 

5 

153,400 

5 

2 

152,600 

6 

2 

152,000 

7 

2 

151,700 

8 

2 

150, 700 

0 

2 

150,000 

10 

2 

149,000 

11 

2 

144, 480 

J  2 

3 

142, 500 

13 

3 

141, 200 

14 

3 

141,000 

15 

3 

141,000 

16 

8 

140,900 

17 

2 

140,000 

18 

2 

139,600 

19 

8 

139,400 

1 

H 

8 

173,000 

2 

3 

169,000 

8 

7 

163, 700 

4 

2 

162,800 

5 

3 

162,000 

6 

3 

161,000 

7 

3 

160,300 

8 

2 

159,400 

9 

3 

159, 400 

10 

3 

158,600 

11 

3 

158,000 

12 

10 

157, 000 

13 

3 

156,000 

14 

8 

155,600 

15 

3 

155, 600 

16 

3 

155, 500 

17 

3 

155, 500 

18 

10 

If  5, 100 

19 

3 

155, 000 

20 

8 

158, 000 

21 

4 

152, 200 

22 

3 

152,000 

23 

3 

151,600 

24 

8 

151, 000 

25 

8 

150,500 

26 

2 

147, 840 

27 

5 

147,000 

28 

8 

143,900 

29 

2 

143,000 

30 

3 

140,000 

81 

2 

184,592 

Where  broken. 


n 


Is 


Where  broken. 


In. 
If 


ia 


ii 


nt 


« 


Pounds. 
199,000 
195,500 
194,800 
188,200 
187,000 
185,300 
184,900 
183,900 
182,000 
180,000 
180,000 
179,000 
177, 100 
174, 700 
174, 700 
171,000 
169,000 
168,000 
125,000 

214, 160 
207, 000 
204,480 
204,480 
202, 560 
201, 020 
199,680 
198,700 
196,990 
196,800 
195,800 
194,880 


252,960 
237,000 
233,000 
280,900 
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Breaking-strains  of  229  sections  of  links  of  various  iroiw— Continued. 


II 
is 


Where  broken. 


II 

II 


Where  broken. 


In. 

If 


Pounds. 
223,700 
215,600 
215,  U00 
205,600 

283,200 
279,9.6 
278,000 
278,000 
276,000 
270, 240 
269,000 
268,800 
268,750 
268,224 
260.832 
258,900 
257. 260 
255,000 
248,000 
244,000 


Tb 


W.... 

hro.W. 
do.-., 
do.... 


k. 

F. 
IX 
Fx. 


In. 
2 


?r.B 
hro.B.... 

Qr.B 

Side  

Qr.W 

Qr.B 

do 

Kot  broke  . 

Qr.W 

.7.  do 

do 

...  do 

Qr.B 

Side  

Qr.B 

ThraB.... 


A. 
M. 
M. 
M. 

A. 
A. 
A. 
F. 

::::  i: 

K. 
A. 
M. 
A. 
A. 


round*. 
238,000 
233,600 
282»  000 

242,000 
240,000 
240,000 
240,000 

lie;  000 

156,000 
196,200 
209,800 
236,000 
242,000 


w ..:.... 

o 

Thro.W 

F 

...do 

K 

Kot  broken 

,...do 

P. 
T> 

...do 

Ft 

...do 

A 

Thro.W 

Ft 

,,.do ;... 

Ft 

Qr.B.....r ...... 

Qr.W. 

Px. 
Ft 

Thro.  W ......... 

Ft 

Kot  broken 

Px. 

Breaking-strain  of  206  single  links. 


1 

1 
H 

1* 
1* 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
'  1 
1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 
1 
1 
1 
1 
1 

76,320 
75,968 

101,800 
100,400 
97,900 
97,400 
98,600 

Qr.B 

A. 
A. 

C. 
K. 
F. 
D. 
A. 
D. 
F. 
A. 
K. 
£. 
R 
E. 
E. 

P. 
K. 
M. 
M. 

D. 
C. 

1 
2 
8 
4 
5 
6 
7 
8 
9 
i  10 

In 
;i8 

w 

1  15 
16 

I17 
1  18 

1  19 
20 

!  21 

22 

9ft 

H 
1* 

l 
l 
l 
l 
i 
l 

"""i* 

i 
i 
i 

i 
i 
l 
i 
l 
l 
i 
i 
i 
i 
i 
i 
l 

144,800 
142, 000 
141,000 
139,600 
139,500 
139, 2C0 
137, 700 
137,200 
136,800 
130, 000 
135,600 
135,400 
135,000 
184.880 
184.800 
134.400 
183,500 
133,000 
182,600 
182,000 
130. 100 
180,000 
127,600 
126.700 
125,600 
116. 000 
115,000 
113,300 
118>000 
112, 100 
105,000 

178,000 
162,432 
162,050 
155,500 
165, 100 
153,600 
168,500 
153, 020 
150,530 
149, 760 
149, 600 
139. 400 
138,600 

Qr.W ,!... 

T> 

1 

Side 

Side  ....: 

Thro.  W 

T> 

ThrcW 

Qr.W 

M 

1 

...do 

M 

? 

Qr.W ..» 

"M 

3 

...  do 

>&*•  »» •••• * 

....do 

...do :.... 

K 

4 

Butt  

"R 

5 

Qr.B 

Qr.B..._ 

Qr.W 

K 

6 

95,000 
94,100 

Qr.W 

F 

,    7 

...do  ::.:.:::.... 

Thro.  W 

M" 

8 

94,080 
92,200 
90,200 
87,500 
87,400 
85,500 

12a  832 
128,600 
125,500 
124,800 
124,800 
124,800 
123,800 
123,500 
122,800 
122, 100 
122,000 
121,000 
119,000 
115,800 
115,200 
113, 700 
113,800 
112,500 
111,360 
111,000 
110,400 
109,400 

133,000 
180,000 
128,000 
123,000 
121,800 
113,400 
110,000 

Qr.B 

— do 

Qr.  B 

M 

9 

Qr.W 

F 

10 

v  ,'  • 

....do 

Qr.W 

./.do 

...do 

W 

M, 

11 
12 
18 

...do 

....do 

....  do 

A. 
C. 
M 

Qr.W 

Qr.W 

M 

1 

Thro.  W 

M 

2 

~  * ." • 

.. .  do 

Qr.W 

P. 

8 

Qr.B...-. 

...do 

f! 

4 

Qr.W 

.  ...do 

do 

...  do 

E. 

n 

do 

*T 

6 

Side 

M 

7 

Qr.W 

K.-J   24 
M.     25 
I).  '   26 
C.  1   27 
M.     9fi 

Side 

K 

A 

Qr.  B 

Thro.  W 

*T 

9 

Qr.W 

....do 

M 

10 

^p*.  »» ............ 

do 

...  do 

...  do 

M 

11 

...do 

M, 

1? 

Thro.  B 

M. 
E. 
M. 
P. 
E. 
F. 
E. 
A. 
M. 
M. 
E. 

M. 
H. 

M. 
P. 
P. 
P. 

29 
80 
81 

1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Side 

M 

13 

Qr.B 

Thro.W 

....do 

M 

14 

Thro.  W 

M 

15 

Qr.W 

Qr.W 

10 

17 
18 

— do 

Qr.B 

.7.  do 

K" 

19 

Qr.W 

Thro.  W 

Qr.B 

F 

?0 

Qr.W 

B 

?1 

E.lk  

Qr.W 

...  do 

P 

?? 

....do 

a 

ThraW 

....do 

...  do 

,T 

1 

....do 

P 

9 

...do 

B 

8 

..  do 

...do 

...do 

...  do 

B. 

4 

Qr.B 

B. 

5 

..    do 

Qr.W 

f? 

ft 

Thro-W 

do 

P. 

7 

ThraW 

L. 
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Breaking-strain  of  206  single  links — Continued. 


Jl 

I 


J 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
26 
29 
80 
81 
82 
88 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

1 
2 


In. 
H 


if 


m 


Wl.iTu  broken. 


Pound*. 
103, 200 
184,700 
179, 520 
178, 500 
178,200 
178, 100 
176, 300 
174,700 
174, 000 
173, 700 
173,000 
171,800 
170, 000 
168,960 
168,600 
167,000 
166, 560  I 
18  >,  600  I 
105,600  . 
165,600  I 
164,640 
163, 680 
162,400 
161,000 
160, 100 
153,900 
158,400 
157, 600 
155,600 
153, 000 
152,600 
147, 600 
146,900 

215,400 
205,056 
204,100 
203. 500 
202,200 
199,700 
199,300 
197, 800 
195. 200 
194, 300 
193,000 
192,900 
190, 100 
189, 100 
186,800 
185,  300 
184,800 
182,  500 
178,600 
175,000 
173,000 
103,600 
163,200 
135,000 
120,000 

233,800 
222,900 


Thro.W. 
Qr.W.... 
7.  do.... 
Side  .... 
Qr.W.... 
7..do.... 

Side 

Qr.W.... 
E.Ik  ... 
Qr.W.... 
,7.  do.... 
...  do.... 
...  do.... 
Side 

gr.W.... 
ide 

...do.... 
...  do.... 
Qr.B.... 
Thro.  W . 
r.  B.... 


S 


Jr.W.... 
Thro.  W . 
Qr.W.... 

...do  .... 
...do  ... 
Thro.  W . 
...do.... 
Thro.B.. 
Qr.W.... 
7..do.... 


Qr.W.... 
Qr.B.... 
.  ..do.... 
Qr.W.... 
— do 

.do.... 

>.B.... 
\W.... 

^.lk 

Qr.W.... 

do  .... 

...do.... 
...do.... 
....do.... 
...do.... 
....do.... 
...do.... 
....do.... 
...  do  ... 
Thro.  W . 
...do  .... 
Qr.W.... 

...  do 

Thro.W. 
...do.... 


Qr.W. 
7.  .do.. 


L. 

K. 

E. 

D. 

C. 

D. 

C. 

C. 

M. 

C. 

M. 

C. 

H. 

C. 

M. 

C. 

C. 

C. 

M. 

M. 

C.  I 

C.  | 

E.  I 

M. 

G. 

E. 

A. 

J. 

M., 

M.1 

F. 

M. 

K. 

K. 
E. 
H. 
C. 
K. 
D. 
C. 
C. 
G. 
E. 
M. 
C. 
C. 
F. 
C. 
E. 
A. 
M. 
C. 
M. 
M. 
L. 
K. 
M. 
M. 

K. 
L. 


•  . 

a 

il 

1 

1 

i 

U 

i 

fe 

CO 

fc" 

« 

In. 

Pounds. 

8 

.  Itt 

l 

221,950 

4 

1 

219,300 

5 

1 

213, 696 

6 

1 

213, 120 

7 

1 

211,600 

8 

1 

207,000 

9 

1 

203,140 

10 

l 

198,000 

11 

1 

197,800 

1 

IS 

1 

256,300 

2 

I 

254,600 

8 

1 

241,500 

4 

1 

241,000 

5 

1 

237, 100 

6 

I 

235,600 

7 

1 

235,000 

8 

1 

232,300 

9 

l 

231,400 

10 

1 

228,500 

11 

1 

226,500 

12 

1 

225, 200 

13 

1 

222,700 

14 

1 

221,500 

15 

1 

218,304 

16 

1 

215, 520 

17 

1 

215, 200 

18 

1 

210,200 

19 

1 

200,600 

20 

1 

200,000 

21 

1 

198,000 

22 

l 

193,000 

1 

Ml 

1 

249,000 

2 

1 

243,000 

8 

1 

240, 770 

4 

1 

239, 420 

5 

1 

234, 816 

6 

1 

284,050 

7 

l 

233,280 

8 

1 

232.000 

9 

1 

228,860 

10 

l 

227,800 

11 

1 

295,600 

12 

1 

2*5,220 

13 

1 

228,300 

14 

1 

219, 260 

15 

1 

210,000 

16 

1 

210,000 

17 

1 

195,800 

1 

H 

1 

264,000 

2 

1 

263,000 

8 

1 

262  480 

4 

1 

243,600 

5 

1 

238,100 

6 

1 

223,600 

7 

1 

223,200 

1 

2 

1 

293,760 

2 

1 

278,000 

8 

1 

276,500 

Where  broken. 
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The  bars  of  Pa?  were  received  and  tested  subsequent  to  the  comple- 
tion of  the  tables,  and  are  not  included  in  the  following  abstract ;  by 
which  it  appears  that  a  variation  of  from  5  to  17  per  cent,  in  the  strength 
of  chain-cables  of  the  same  diameter  may  be  expcctecL  when  made  from 
good  iron,  and  that  this  variation  may  rise  to  over  25  per  cent.,  if  infe- 
rior material  is  used. 

Variation  in  strength  of  chain-cables  made  from  irons  of  different  character. 


SUe  of  cable. 


In. 


t 


h 

Is 
I 


Strength  of  cable. 


Pound». 

70.200 
80,280 
122,100 
115,000 
137,200 
155, 040 
173,000 
100,000 
214, 160 
231,300 
231,040 
252,060 
283,200 


I 


Pound*. 

67,600 
80,000 
101,700 
100,000 
125,000 
130, 400 
147,000 
168,000 
104,880 
101,000 
204,400 
215,000 
240,000 


Variation  in 
strength. 


11,000 
8,380 
20, 400 
6,000 
12,200 
15,640 
26,000 
81,000 
10,280 
40, 300 
27,540 
37,060 
43,200 


14 

0.4 
16.6 

5 

8 
10 
15 
15.5 

0 
17 
12 
11 
15 


12.1 


P. 

P. 
K,M,0. 

M. 
M,  Fx. 


M,K,P. 
M. 


Fx. 

"Fx."' 


Variation  in 
strength  by 
including 

omitted  link*. 


1 


18,800 
13, 200 
31,100 
40,000 
42, 200 


38,400 
74,000 


45,800 


47,360 


23.7 

14.7 

25 

84.7 

30.7 


22.2 
37 


10.7 


18.6 


25.1 


The  excessive  variation  in  case  of  the  If"  is  due  to  the  fact  that  a 
portion  of  a  lot  of  excellent  chain-iron  C  was  composed  of  very  inferior 
material,  which  was  very  irregular  in  strength,  the  strongest  link  in  the 
lot  breaking  at  231,300  pounds,  and  five  out  of  eleven  sections  breaking 
at  less  than  200,000  pounds ;  the  minimum  being  that  in  the  table, 
191,000  pounds. 

No  system  of  tests  made  upon  cable-bolts  alone  would  have  detected 
with  certainty  this  inferior  iron.  Had  the  iron  been  furnished  in  30-feet 
bars,  eaph  bar  would  have  produced  16  bolts,  with  a  remainder  of  24" 
for  test  purposes,  the  test  of  which  would  have  given  valuable  evidence 
of  the  character  of  the  16  links. 


WEIGHT  OP  CHAIN-CABLES. 

The  chain-cables  manufactured  by  the  ordinary  systems  are  very  heavy, 
and  we  are  led  by  the  results  of  our  investigation  to  believe  that  their 
weigh  t  can  be  reduced  advantageously,  and  as  great,  if  not  greater,  safety 
be  secured. 

If  this  result  can  be  accomplished,  it  would  prove  of  great  value  to  the 
mercantile  marine,  where  as  much  space  and  tonnage  as  possible  are 
required  for  cargo,  and  where  vessels  are  frequently  short-handed. 

Two  methods  present  themselves  as  results  of  our  experiments,  the 
first  founded  upon  our  investigation  of  the  action  of  the  rolls  and  our 
impact-tests  combined,  and  the  second  upon  our  comparative  experi- 
ments of  the  strength  of  studded  and  open  links. 

The  weight  and  dimensions  of  the  various  portions  of  cables  of  differ- 
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ent  sizes,  and  of  fall  cables,  of  the  length  ordinarily  used,  are  given  in 
the  following  table : 

Number  and  weight  of  links  in  XfAfathems,  dimensions  and  weight  of  cable-bolts  and  finished 
links,  with  the  weights  of  swivels,  shackles,  and  club-links. 


P  q 

Wright  ofHiiki 

in  150  i.i r  i i  - 

Cable-taltfl1 

4 

p 

IB 

Finished  folks. 

Wright  of— 

flja 

c 

Totilwi?iphtof 
150   fathuiaa 
cabin. 

*4 

P 

T3 

f 

S 

IS 

1 

1 

£ 
10 

4 

M 
P 

is 

p 

5 

■8  . 

11 

S 

pi 

Lt>i. 

Lbt. 

In. 

£&*< 

15* 

j^ 

jh. 

AM, 

x**. 

£U. 

am. 

£ft#. 

am. 

1... 

2,025 

8,482 

7,751 

U 

2.05 

.45 

&n 

3  i 

2.90 

17 

0,5 

50 

10}     > 

7.034 

ijV 

2,775 

0,5)8 

8.  825 

Ut 

3.18 

.25 

6* 

:i.-i3 

17 

6.5 

50 

18f    9,701 

9,008 

lj..    2,700 

11,304 

10,  206 

jsj 

14* 

3.  78 

.44 

0i\ 

4 

4.22 

21 

B 

82 

18  .  11,050 

io,4aa 

lS.    3,550 

12,  470 

11.348 

.    4  45 

.44 

ifl 

4,^ 

4.  80 

21 

0 

82 

17      12.720 

11,004 

it- 

2,430 

Ifl  IN     12,  mil 

15 

.    r»  in 

.50 

7 

V* 

5.  OS 

20 

13 

DO 

10     14,230 

13,020 

\t 

2.325 

IS.  113      11  0'U 

I5f 

i.  "i 

,50 

ft 

0.50 

20 

12 

90 

181    13,442 

1  i.  lTU 

2,250 

to,  020  ■  is.  Sits 

l'-i 

OLPO 

,02 

7.52 

30 

15  5 

131 

15 

17,  ;t2fl 

13,  931 

If* 

'J.  !'."► 

17,  £00  ,  10.  548 

Hi 

;     7B8 

.02 

8 

a 

a.  50 

30 

15.5 

131 

14 

18.  250 

Ifl.  9'4 

1|..     2,025     10,043  \  18,124 

IB 

8.05 

.75 

ft.  70- 

35 

19.5 

103 

13} 

20.143 

18,  024 

| 

1.050  ,!  21,  Iff?  |  1ft,™ 

18j 

10. 12 

.75 

g 

Ifl,  87 

as 

10.5 

105 

13 

SLMff 

2rt,234 

1,  875 

23,  144     21,350 

ioI 

11.30 

1.06 

9 

12.  45 

48 

24 

220 

124    23,993 

1  22.  W8 

| 

1,000 

24,  858 

23,  930 

201 

12.75 

1.06 

0 

13.  SI 

48 

24 

220 

12  1  24.  510 

23.*03 

1,725 

2fl,  iW 

24.  5311 

21 

14,22 

1. 25 

«A 

1*.47 

«2 

20 

262 

III1,  27,480 

25,s:m 

Mi- 

1,(150 

1'.-  i:i:i 

20h  070 

211 

13.  SO 

1.25 

JOfl 

17.05 

02 

20 

202 

11      28,933 

20.H70 

ll  . 

1,050    3i.35u 

28,875 

21*4 

17.50 

1.50 

10ft 

10 

75 

840 

330 

11  !  32,334 

m  sai 

Ill 

1,575     32,700 

30,  ::iJK     Sll 

10.30 

L&O 

io  3 

20.  80 

7ft 

34. 6 

330 

101  aS,  744 

31,382 

2 ... 

1,500 

34,  0*0  J  31,  845     24 

21.23 

ton 

1011 

*A 

23.32 

05 

40.5 

300 

10  i  30. 125 

32,990 

It 

1,500 

38,070 

34,  935  »  24| 
Ift\lfi5    25j 
37,517     26* 

1 

23.29 

2.00 

n;, 

7ft 

23,  38 

05 

40,5 

300 

10     89,313 

30.080 

1,425 

■9,501 

25, 4? 

123 

i«U 

7frt 

27.72 

1.15 

47 

B80 

&i    40.8LI 

37,005 

2  A 

1,350 

40,554 

27.70 

2,25 

mt 

m 

30.04 

L15 

47 

34» 

0     41, 864 

38,827 

T  he  first,  thhtl,  nlxth,  ntnth,  and  twelfth  stretches  have  each  a  swivel  placed  in  the  oenter  of  them. 
The  weight  of  the  bolts  is  based  on  an  estimate  allowing  .2816  pound  to  cable  inch. 

FIB  ST  METHOD  BY  WHICH  THE  WEIGHT  CAN  BE  REDUCED  TO  A  GREATER 
PROPORTIONAL  EXTENT  THAN  THE  STRENGTH. 

We  have  found  that  when  made  from  the  sajne  material  the  large Jbars 
possess  less  strength  in  proportion  to  their  areas  than  the  small  ones,  as 
opposed  to  steady  strain,  and  generally  much  less  absolute  power  to  re- 
sist sudden  straiqs,  and  in  connection,  that  through  the  greater  amount 
of  work  which  it  receives,  the  bar  of  lfi"  diameter  is,  upon  an  average, 
fully  4,000  pounds  per  square  inch  stronger  than  the  2"  bar.  This  dif- 
ference of  4,000  pounds  we  derive  from  the  following  data :  With  the  irons 
A,D,D(second  lot),  E  (1}"),  F  (two  lots),N.  O,  and  P,  we  find  thattheex- 
cess  of  tenacity  of  the  lg"  bar  over  that  or  the  2"  is  4,163  pounds,  2,449 
pounds,  5,721  pounds,  4,535  pounds,  3,207  pounds,  2,657  pounds,  4,596 
pounds,  4,152  pounds,  and  4,800  pounds,  giving  an  average  for  the  nine  lots 
of  4,030  pounds,  which  is  probably  lower  than  it  would  be  if  the  record  of 
the  irons,  which  were  very  thoroughly  worked  on  all  sizes,  were  omitted, 
as  they  might  be,  they  all  proving  too  soft  and  too  expensive  to  be  fairly 
considered  as  chain-irons.  Assuming,  however,  this  difference,  which  is 
probably  a  minimum  as  regards  "  chain-iron,"  the  strength  per  square  inch 
of  a  1$"  bar  would  be  54,000  pounds,  if  that  of  the  2"  was  50,000  pounds, 
and  the  entire  strength  of  the  1§"  would  be  112,000  pounds,  which  is  71 
per  cent,  of  that  of  the  2/;,  viz,  157,000  pounds.  (The  1£"  bar  of  iron  B 
is  substituted  lor  the  1|"  for  the  reason  that  in  this  case  the  pile  for  the 
1  £"  was  of  the  same  area  as  that  for  the  2".) 

If  the  two  bars,  2"  and  ll",  were  equally  valuable  in  every  respect  for 
cable,  and  both  in  link  form  developed  the  same  percentage  of  the  bar's 
strength,  say  163  per  cent.,  the  strength  of  the  lg"  cable  would  be 
182,600  pounds,  which  is  71  per  cent,  of  that  of  the  2",  viz,  256,000 
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pounds,  while  its  weight,  23,996  pounds,  would  be  but  06.4  per  cent,  of 
that  of  the  2",  viz,  36,125  pounds.  If  it  be  considered  that  the  loss  in 
actual  power  to  resist  steady  tension  is  not' counterbalanced  by  the  Rain 
in  reduced  weight,  the  comparative  powers  to  resist  sudden  strains 
should  be  considered.  It  is  more  than  probable  that  the  greater  work 
given  to  the  1|"  will  have  so  increased  its  ductility  that  its  power  to 
resist  sudden  strains  will  prove  greater  than  that  of  the  2"  cable. 

These  views  are  borne  out  by  many  of  our  experiments,  from  which 
we  will  Belect  the  bars  of  iron  X  for  comparison.  This  iron  was  sent  to 
us  by  a  prominent  manufacturer  in  answer  to  an  order  for  a  samples  of 
best  c*ble-iron." 

The  2"  bar  had  tenacity  51,748  pounds,  and  when  broken  by  tension 
had  very  slight  reduction  of  area  and  elongation  j  broken  by  impact,  it 
proved  very  brittle,  and  while  in  no  ways  nicked  or  injured,  would  break 
like  a  pipe-stem  by  moderate  blows. 

Tested  as  cable,  the  links  developed  but  141  per  cent,  of  the  bar's 
strength,  viz,  232,000  pounds. 

The  mi  bar,  with  tenacity  56,344  pounds,  when  tested  by  tension,  re- 
duced in  area  to  60  per  cent,  of  the  original  and  elongated  23  per  cent. 

Tested  by  impact  it  proved  fairly  tough,  deflecting  to, over  60°  before 
breaking,  and  when  circled  with  a  score  resisted  to  a  greater  extent  than 
did  the  2"  in  its  normal  condition. 

Tested  as  cable,  the  links  developed  164  per  cent,  of  the  bar's  strength, 
breaking  at  195,500  pounds,  or  at  84  per  cent,  of  the  strength  of  the  2". 

In  this  case  there  can  be  no  doubt  but  that  the  smaller  and  lighter 
cable  would  have  proved  the  most  reliable. 

Irregularity  in  strength  is  a  great  fault  in  cable-iron;,  this  is  more  apt 
to  occur  in  the  large  than  in  the  small  bars,  one  reason  for  which  is  that 
irregularity  in  heating  the  piles  produces  irregularity  in  strength^  find 
to  this  the  large  bars  are  more  greatly  exposed  than  the  small  ones. 
The  pile  and  resultant  bar  of  2"  weighs  400  or  500  pounds,  and  while 
passing  through  the  rolls  is,  of  course,  much  more  difficult  to  handle 
than  a  lighter  pile  or  bar;  there  are  greater  liabilities  of  "  bucking"  and 
"bending,"  and  while  the  workmen  are  mauling  the  bar  to  straighten 
it,  the  next  bar  to  be  rolled  is  being  delayed  in  the  furnace,  and  the 
effects  of  variations  in  the  heat  are  not  piovided  against  by  regulating 
the  latter.  It  seems  but  natural  that  if  the  pile  for  a  small  bar  is  heated 
enough  for  rolling  in  one  hour,  that  portions  of  the  large  pile  are  in  the 
same  time  equally  ready,  and  that  by  longer  delay  in  the  furnace  they 
become  overheated. 

The  effect  of  overheating  is  to  lower  both  the  elastic  limit  and  the 
strength. 

Irregularity  in  the  workmanship  by  which  the  links  are  manufactured 
produces  irregular  strength  in  the  cable.  To  this  the  larger  bars  are 
exposed  to  a  greater  extent  than  the  smaller  ones';  the  weld  is  less  apt 
to  be  perfect.  A  small  bar  is,  when  at  the  right  heat,  welded  by  a  few 
quick  blows,  and  the  time  of  the  operation  is  not  great  enough  to  allow 
the  iron  to  become  too  cool.  With  a  large  bar  it  is  different.  It  requires 
more  and  harder  blows,  and  more  time;  and  if  at  the  right  heat  when 
the  operation  is  begun,  it  may  be  too  cool  before  it  is  ended,  or  in  order 
that  it  shall  not  be,  it  may  be  heated  a  little  too  much  on  the  start ;  the 
surface  of  the  weld  is  greater,  and  is  more  exposed  to  the  danger  of  in- 
terposition of  ashes,  dust,  or  scoria,  either  of  which  will  prevent  a  per- 
fect weld. 

Finally,  if  the  cable  be  finished  without  any  accidental  defect,  the  proof 
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of  the  2"  so  far  exceeds  that  of  the  1|",  in  proportion  to  its  strength,  that 
it  is  possible  that  the  strength  it  may  have  had  will  be  lowered  by  it. 

For  the  reasons  assigned  we  are  of  the  opinion  that  the  margin  of 
safety  secured  by  the  use  of  a  cable  of  If"  iron,  weighing  12-  tons,  is 
equally  as  great  as  by  the  use  of  the  2",  weighing  18  tons. 

STTBSTITUTION  OP  OPEN    LINKS   FOB   STUDDED  ONES   PROPOSED  AND 

DISCUSSED. 

There  exists  a  strong  prejudice  against  the  use  of  cables  made  from 
links  without  studs.  This  prejudice  is  based  upon  the  opinion  which  is 
very  generally  entertained,  that,  first,  the  open  link  is  not  so  strong  as 
the  studded  one ;  second,  that  owing  to  the  want  of  the  support  given 
to  the  sides  by  the  stud  when  used,  the  open  link  will  collapse  at  a  much 
lower  strain  than  the  studded  one  will,  and  that  this  collapse  will  be  so 
great  that  the  links  will  nip  each  other  and  become  rigid  j  and,  third, 
that  the  liability  of  the  relative  position  of  the  links  becoming  misplaced 
is  greater  with  the  open  than  with  the  studded  links,  from  which  cause 
jams  may  occur  in  the  hawse-pipe  when  the  cable  is  running  out,  or  after 
having  remained  some  time  with  a  slack  cable,  a  sudden  squall  tauten- 
ing it  might  produce  the  same  effect. 

The  first  of  these  objections,  viz,  that  the  open  link  is  weaker  than 
the  studded  ones,  our  experiments  show  to  be  without  foundation.  The 
contrary  is  the  case  under  most  circumstances. 

We  are  led  by  the  results  of  our  tests  to  doubt  that  the  second  objec- 
tion exists  to  the  extent  generally  supposed.  We  find  that  in  all  cases 
the  open  links  begin  to  change  form  at  a  lower  stress  than  the  studded 
ones,  but  the  sides  having  straightened  somewhat,  the  stress  is  soon 
resisted  by  the  tenacity  of  the  material  itself,  and  unless  the  iron  is 
very  soft  and  ductile  (much  more  so  than  is  usually  the  case  with  chain- 
iron),  the  clos  ure  does  not  continue  to  be  rapid,  and  at  an  extreme  stress, 
sufficient  to  rupture  the  studded  link,  if  there  be  one  in  the  section 
under  test,  the  closure  has  not  been  so  great  as  to  unfit  the  open  links 
for  service. 

With  irons  F  and  O,  both  extremely  ductile,  some  of  the  open  links 
were  too  much  closed  for  service,  but  others  were  not,  after  having  re- 
sisted the  stress  which  broke  the  studded  links.  Such  iron,  however, 
will  not  often  be  made  up  into  cables,  and  we  have  to  a  certain  extent 
a  resource  by  which  this  early  closure  of  the  sides  may  be  delayed  with 
all  irons. 

A  cable  made  of  bolts  of  £"  greater  diameter,  without  studs,  will  pos- 
sess fully  20  per  cent,  more  strength  than  the  smaller  studded  cable, 
and  will  weigh  but  a  trifle  more.  For  instance,  the  weights  and  qual- 
ities may  be  compared  by  giving  the  data  as  to  the  two  sizes,  1£"  and 
1|".    Their  weights  would  be  as  follows : 

For  150  fathoms,  or  10  sections,  l\"  studded  cable : 

Pounds. 

Number  of  links, 2,025;  weight 19,643 

Number  of  swivels,  4;  weight. . 140 

Number  of  shackles,  10;  weight 195 

Number  of  club-links,  1;  weight 165 

Total 80,143 
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For  150  fathoms,  or  ten  sections,  If"  unstudded-link  cable: 

Pounds. 

Number  of  links,  1,875;  weight 21,356 

Number  of  swivels,  4;  weight 193 

Number  of  shackles,  10;  weight 240 

Number  of  dab-links,  1;  weight 220 

Total 22,006 

Thus  the  difference  in  weight  wonld  be  but  1,865  pounds. 

The  probable  strength  of  the  1J"  studded  would  be  at  the  greatest 
157,000  pounds ;  that  of  the  lg",  if  studded,  182,000  pounds,  and  if  un- 
studded,  considerably  more,  the  minimum  difference  of  25,000  pounds 
being  nearly  16  per  cent,  of  the  entire  strength  of  the  1£"  cable.  And 
as  the  action  of  the  stud  tends  to  pry  open  such  welds  as  may  not  be 
perfect,  the  chances  for  regularity  in  strength  are  much  increased  by  its 
omission.  And  it  is  more  than  probable  that  the  extreme  stress  which 
the  1  i"  would  break  at  would  not  close  the  links  of  ljj"  to  such  extent 
as  to  render  them  unserviceable. 

The  third  objection  to  the  use  of  unstudded-link  cables  is  that  it  is  pre- 
sumed that  they  are  more  liable  to  become  fouled  and  kinked  than  the 
studded-link  cable,  while  being  stowed  in  the  chain-locker,  or  when  slack 
and  the  vessel  changes  her  position  without  tautening  the  cable. 

There  are  reasons  based  upon  facts  which  actually  exist,  connected 
with  the  process  of  manufacture,  which  justify  us  in  the  assumption  that 
the  danger  from  this  cause  is  not  so  great  with  unstudded-link  as  with 
studded-link  cables. 

Before  giving  these  reasons,  it  will  be  admitted  that  with  perfectly 
made  studded  links  this  greater  liability  of  kinking  may  not  exist,  but 
links  are  not  always  perfect  and  of  tbe  dimensions  given  in  the  table 
(page  172).  With  such  links,  there  ib  in  each  a  space  between  the  edge 
of  the  stud  and  the  crown  of  the  link'fcf  from  g"  on  a  1",  to  g"  on  a  2", 
the  link  being  made  from  a  bolt  of  exactly  twelve  diameters  in  length, 
and  the  stud  perfectly  trimmed  after  casting,  and  adjusted  to  the  exact 
center. 

It  often  happens,  either  through  fault  in  cutting  or  through  "  wast- 
ing in  the  fire,*  that  tbe  bolt  is  reduced  to  less  than  its  proper  length. 
Sometimes  it  happens  that  in  bending  the  links  one  leg  is  left  a  litile 
longer  than  the  other.  When  the  bolt  is  shortened  by  "  wasting,"  its 
diameter  at  ihe  end  is  also  reduced,  and  the  welder  hits  it  a  few  times 
against  the  anvil,  which,  while  driving  back  or  upsetting  the  end,  gen- 
erally increases  its  diameter,  and  a  long  lap  becomes  necessary.  It  the 
link  is  unevenly  bent,  the  same  upsetting  takes  place  by  blows  upon 
the  long  end.  Thus,  when  made  from  a  shortened  bolt,  there  is  a  great 
probability  of  a  large  weld  and  of  further  shortening  of  the  finished  link 
by  a  long  lap.  Assuming  a  link  to  be  thus  finished  and  reduced,  from 
any  or  all  of  the  causes,  in  length,  there  arises  from  this  shortness  a 
probability  that  the  stud  will  not  be  exactly  centered.  While  being 
welded,  the  link  is  grasped  by  tht  tongs  at  the  butt ;  the  thickness  of 
the  tongs,  together  with  that  of  the  finished  link,  which  passes  through 
the  butt  end  of  the  one  being  welded,  prevent  the  stud  from  being  placed 
too  near  to  the  butt,  and  make  it  very  probable  that  it  will  be  fixed  a 
little  off  center  toward  the  weld  end. 

The  link  being  thus  shortened,  and  the  stud  too  near  the  weld  end, 
still  another  reason  may  arise  which  may  cause  a  still  further  reduction 
of  the  space  between  stud  and  crown ;  the  edge  of  the  stud  may  not  be 
smooth.  After  casting,  a  "  gate"  is  frequently  left  on  the  edge  of  the 
stud  through  want  of  care  in  cutting  and  trimming  with  a  coldchiseL 
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Through  the  operation  of  any,  or  perhaps  all.  of  these  causes  the 
space  may  be  so  much  reduced  that  a  jam  is  rendered  highly  probable 
at  any  time  when  through  any  cause  the  normal  position  of  the  links  is 
altered.  * 

In  the  cut,  Fig.  1  represents  a  1"  studded  link,  half-size,  two  others 
passing  through  it. 

In  Fig.  2  the  same  link  is  shown  as  it  would  appear  if  shortened  ^V; 
the  solid  lines  of  the  stud  show  it  as  placed  in  the  exact  center;  the 
dotted  liues  show  a  very  possible  inacuracy  in  its  adjustment,  by  which 
the  space  is  diminished  to  £".  If  it  be  still  further  reduced  by  imper- 
fection of  the  stud,  the  chances  for  kinking  are  great. 

Of  course,  links  need  not  be  made  thus  imperfect,  but  they  frequently 
are  to  a  greater  or  lesser  extent.  Chain-welders  generally  do  u  task- 
work," and  will  take  the  chances  of  an  imperfect  link  escaping  detec- 
tion by  inspection,  rather  than  expend  considerable  unremunerated  time 
in  cutting  out  and  replacing  defective  links.  Were  the  links  without 
studs,  the  reduction  in  length  would  in  no  way  decrease  their  value. 
The  inside  diameter  of  the  links,  3£"xl£"  on  a  1"  link,  and  6£"x3p 
on  a  2",  is  not  great  enough  to  permit  the  links  to  become  completely 
shifted  in  their  relative  positions.  And  as  when  the  two  links  within  a 
third  are  as  close  to  one  end  of  the  third  as  they  can  get,  there  is  still  a 
considerable  portion  of  the  one  nearest  to  the  center  of  the  third  which 
through  its  diameter  reaches  past  the  central  transverse  axis,  which 
portion  will  be  greater  if  the  third  or  center  link  is  shortened,  the  effect 
of  tension  would  be  to  cause  the  three  to  at  once  assume  their  proper 
position. 

Although  we  have  made  no  experiments  to  determine,  we  believe  that 
the  shorter  link  would  possess  more  strength  than  the  other. 

A  vessel  which  would  be  provided  with  150  fathoms  of  studded  1  £" 
cable  would  probably  be  more  safely  fitted  out  with  105  fathoms  of  un- 
studded  If ",  and  the  weight  could  be  thus  safely  reduced  from  20,143 
pounds  to  18,000  pounds. 

RECORD  OP  TESTS  BY  TENSION  UPON  SECTIONS  OF  CABLE-LINKS  AND 
UPON  BARS  OF  THE  IRON  FROM  WHICH  LINKS  WERE  MADE. 

It  was  considered  that  if  there  existed,  as  seemed  probable,  a  relation- 
ship between  the  strength  and  other  properties  of  the  round  bar,  and 
those  of  the  links  made  from  it,  that  it  would  be  a  valuable  result  to 
determine  such  relationship,  and  to  find  to  how  great  an  extent  it  could 
be  depended  upon,  and  within  what  margins  it  existed. 

If  such  a  relationship  could  be  found  which,  within  narrow  and  well- 
defined  limits,  indicated  that  the  strength  found  in  the  bar  furnished 
valuable  evidence  as  to  the  probable  strength  of  the  links  made  from  it, 
the  information  would  prove  of  great  value,  inasmuch  as  the  simple  and 
inexpensive  test  of  tension  upon  a  portion  of  a  bar  would  provide  data 
by  which  the  probable  strength  of  a  cable  made  from  it  could  be  judged. 

The  following  tables  have  been  prepared  for  the  purpose  of  developing 
this  relationship  and  finding  its  margins. 

We  find  that  with  iron  of  moderate  tenacity  and  with  good  welding 
properties  the  percentage  of  the  bar's  strength,  which  is  carried  with 
great  uniformity  into  the  link,  is  from  160  to  175  per  cent.;  that  with 
irons  of  unsuitable  qualities  this  percentage  is  frequently  low  and  fre- 
quently high,  it  being  very  irregular,  and  averages  of  less  than  155  per 
cent,  made  up  of  very  irregular  factors  are  common,  and  that  with  the 
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best  chain-iron,  although  there  may  be  links  which  develop  over  175  per 
cent.,  such  cases  are  rare. 

These  tables  also  contain  a  column  in  which  in  each  case  the  stress 
which  broke  the  cable  is  reduced  to  the  square  inch,  in  order  to  ascertain 
the  effect,  upon  the  strength  of  the  transverse  section  of  the  end,  of  the 
change  of  form  from  a  straight  bar  to  a  sharp  arch. 

These  tables  furnish  many  of  the  data  which  have  been  utilized  by  us 
in  the  calculation  of  the  proof-table  contained  in  this  report. 

8trengih  of  chain  cables  tested  as  short  sections  and  single  links. 

[With  approximate  elastic  limit  of  links,  location  of  rapture,  and  percentage  of  strength  of  original 

bars  developed  by  the  links.] 

Ikon  A. 

Short  ssctioks  prom  Bars  Nos.  112  to  162. 


Stress  in  pounds. 
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CO 
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1 

2 

3 

At. 

4 

5 

Av. 

6 

7 
Av. 

8 

9 

Av. 

10 
11 
Av. 

12 

13 

Av. 


If 


14 

15 

Av. 

16 

17 

18 

Av. 

19 
20 
21 
22 
23 
24 
25 
26 
Av. 


li 


1* 


26,880 
29,760 
27,840 
28,160 

84,660 
41,280 
37,920 

45,120 
48,960 
47,040 

57,600 

58,660 

58,080 

65,800 
72,000 
68,650 

71,040 
81,600 
76,820 

85,440 
87,360 
86,400 

96,000 

101,000 

100,800 

100,900 


72,672 
71, 712 
69,600 
71,328 

88,800 

89,280 

89,040 

110,880 
118,480 
114,680 

182,480 
136,320 
184,400 

147,840 
159, 860 
153,600 

169,000 
179, 520 
174,260 

216,000 
218,120 
214,560 

252,969 

270,240 
268,224 
269,232 

288,200 
260,382 
257,260 
269,000 
248,000 
244,000 
279,936 
270,240 
264,002 


88,938 
87,764 
88,017 
88,441 

88,534 
89, 012 

88,773 

90,336 

95, 012 

92,689 

89,877 
92,483 
91,180 

83,667 
90,186 
86,926 

82,000 
87,103 
84,551 

90,832 
87, 595 
89,218 

91,125 

86,009 
85,367 
86,688 

90,134 
82,871 
81,877 
86,614 
78,930 
77,657 
89,093 
86,009 
84,023 


3r.W  . 
Sr.B.. 


Jr.W... 
Jr.W... 


& 


W. 


Side... 
Qr.W. 


Side 

ThraW. 


3r.B  .. 
Jr.W. 


Side... 

Qr.B  .. 
Qr.W. 


84.0 
41.5 
40.0 
39.5 

88.9 
46.2 
42.5 

40.7 
41.3 
41.0 

43.5 
42.9 
43.2 

42.2 
52.2 
44.7 

42.0 
45.5 
43.7 

39.6 
41.0 
40.3 


1.00 
1.16 
1.80 
1.15 

1.10 
1.20 
1.15 

1.40 
1.00 
1.20 

1.80 
1.70  • 
1.50 

1.60 
1.80 
1.65 

1.20 
1.50 
1.S5 

1.70 
2.00 
1.85 

2.00 


1.70 
1.54 
1.61 
1.60 
1.47 
1.86 
1.66 


1.56 


44,126 


58,997 


66,112 


78,944 


91,680 


111,984 


123,840 
141,120 


162,240 


164.6 
162.4 
156.8 
161.3 

164.4 
165.4 
164.9 

167.8 
179.2 
173.5 

168.0 
172.6 
170.3 

16L2 
173.8 
167.5 

150.8 
160.4 
155.6 

174.0 
172.0 
178.0 

178.0 

171.4 
170.2 
170.8 

178.4 
165.2 
162.0 
170.6 
157.4 


157,588 


177.6 
171.4 
168.9 


12  TH 


178 


TESTS   OF  METALS. 


Strength  of  chain  cables,  fc. — Continued. 
Ibon  A— Continued. 


Stress  in  pounds. 


i 


i 


i 


1 


27 
28 

Av. 

29 
30 
Av. 

31 

32 


1* 


U 
If 

1* 

U 
If 
3 


29,840 
29,840 

44,160 


44,160 

46,770 
55,680 
65,740 
72»  960 
86,400 
101,760 


75,936 
76,820 
76,128 

04,080 
96,600 
95,640 

111,  360 

134,880 

158,400 

184,800 

115,520 

262,480 

298,760 


96,684 
97,173 
06,028 

06,015 

90,757 
90,828 
89,648 
89,108 
89,618 
91,445 
98,494 


Side.. 
Qr.B. 


E5: 


Qr.W.. 
Qr.W.. 
Qr.W.. 
Qr.W.. 
Qr.B... 
Side.... 
ThraB. 


89.2 
S0.2 

46.8 

*iw 

42.0 
4L8 
4L5 
39.4 
40.0 
40.8 


44,120 


58,007 

06,112 

78,044 

01,080 

111,084 

128,840 

141,120 

162,240 


172.0 
178.0 
172.5 

174.2 
178.8 
170* 

108.4 

170.8 

172.8 

106.0 

174.0 

170.0 

181.0 


IbonB. 
Singh  lcixs  raox  bamflb  Babb  Nob.  168  to  174. 


88 
89 
40 
41 
42 
A.v. 

43 
44 

45 
Av. 

46 
47 
48 
49 
50 
51 
52 
Av 


1* 


1H 


m 


75,260 
78,400 
67,200 
88,900 
84,100 
77,762 


101,760 
115,000 
108,850 

103,100 
121,840 
122,690 
118,460 
110,400 
117,810 
113,280 
'  115,226 


149,700 
153,020 
161,050 
150,530 
136,700 
160,412 

218,120 
208,140 
221,950 
212,737 

284,050 
228,860 
240,770 
233,280 
219,260 
225,220 
239,420 
281,661 


92,274 
94,282 
99,846 
92,748 
84,226 
92,076 

95,813 
90,850 
99,262 
95,142 

90,717 
88,705 
93,321 
90,418 
84,984 
87,294 
92,788 
80,748 


50.8 
6L2 
4L5 
55.7 
61.5 
62.0 


sa  o 

56.0 
66.0 


50.4 


80,000 


121,160 


142,0 


168.8 


176.0 


102.8 


8HOBT  SECTIONS  FBOM  IHON  DBLXVBBED,  BABS  NOB.  816  TO  825. 


58 

1* 

2 

54 

2 

55 

2 

56 

2 

57 

2 

56 

2 

59 

2 

60 

2 

61 

2 

62,000 
62,000 
59,000 
66,000 
57,700 
59,000 
57,500 
67,600 
75,840 


154,000 
149,000 
150,000 
162,000 
152,600 
151,700 
189,600 
140,000 
154,750 


94,886 
91,805 
92,421 
93,688 
94,021 
98,468 
86,013 
86,260 
95,348 


40.2 
4L6 
89.8 
86.8 
87.8 
88.8 
41.2 
41.1 
49.0 


1.06 
L50 
1.50 
1.50 
L44 
1.00 
LOO 
1.10 


18L4 
176.6 
176.6 
179.0 
179.2 
178.6 
164.4 
164.8 
182  4 


TESTS   OF  METALS. 


179 


Strength  of  chain  cable*,  fc— Continued. 
Ibon  R— Continued. 
■BcnOHB  fbom  irov  dbuvbbsd,  Babb  Nos.  316  to  325— Continued. 


fc 


Strew  in  pounds. 


i 

a 


1 


4 


62 
63 
64 
65 
Av. 

66 
67 
68 
69 
Av. 


1* 


Itt 


70 
71 
72 
73 
At. 


Itt 


62,590 
65,280 
60,000 
67,970 
61,721 

88,700 
89,870 
87,740 
85,440 
81,987 

89,090 


99,260 
94,080 
94*148 


155,040 
144,480 
150,700 
163,400 
149,790 

194,880 
199,680 
196,990 
201,020 
198,144 

231,940 
212,700 
235,070 
211.390 
221,050 


95,526 
89,020 
02,852 
94,516 
92,298 

87,155 
89,302 
88,100 
89,990 
80,087 

89,899 
89,441 
89,868 
81,934 
85,910 


W... 

W  ... 
jr.W... 
ThraW. 


40.4 
46.1 
89.8 
44.3 
41.1 


1.10 
1.60 


1.82 


84,862 


W  . 
r.W  . 
r.W  . 
|r.W  . 


44.4 

88.4 
43.0 
44.5 


1.28 


118,278 


41.5 


187,028 


182.6 
170.2 
177.0 
180.8 
170.4 

164.8 
168.8 
166.6 


166.7 

169.2 
155.2 
168.2 
154.2 
101.7 


TJhbTUDDED  8ECTIOH8  FBOM  BAB8  NOB.  816  TO  319. 


74 

1* 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

49,200 
65,700 
46,000 
49,000 
58,000 
50,000 
50,000 
67,000 
55,000 
56,500 
52440 

158,400 
156,500 
164,650 
167,000 
159.500 
163,200 
160,000 
151.700 
147, 300 
152,000 
157,025 

97,697 
96,426 

101,447 
96,734 
98,275 

100,564 
98,582 
98,468 
90,758 
93,638 

•0,762 

Thro.  W-„ 

31.0 
85.6 
27.9 
81.2 
33.2 
86.0 
31.2 
37.5 
37.3 
37.1 
88.3 

1.25 
1.50 
1.76 
LOO 
1.44 
1.75 
1.25 
1.44 
L32 
1.12 
1.44 

186.6 

75 

fr.W 

y.B 

X.W 

T.W 

tr.W 

r.W 

r.W 

r.W 

r.W 

184.4 

76 

194.0 

77 

185.0 

78 

186.8 

79 

1844 

80 

isa  4 

81 

17a  8 

82 

173.6 

83 
At 

™¥£Bfi" 

nao 

184.0 

The  unbroken  links  of  the  above  sections  were  again  pulled,  with  the 
Tesult  as  given  below : 


Stress  in  pounds. 


Stress  in  pounds. 


I 


142,000 


167,000 
157,000 
170,000 
165,600 


87,492 


102,895 

98,784 

104,744 

102,033 


ThrcW. 

End  Ik. 

ThraW. 

Thro.W. 

ThrcB. 

ThrowB. 


168,500 
459,100 


103,820 
98,028 


164,200 
101,002 


101,170 
•9,014 


Thro.B. 
ThraW. 
End  Ik. 
Thro.B, 


180 


TESTS   OP   METALS, 


Strength  of  chain  cables,  $c. — Continued, 
Ikon  C. 

SINGLE  LOCKS  FROM  BARS  KOB.  175 TO  180,  AND  KOB.  353  TO  372. 


Stress  in  pounds. 


00 


04 
At. 

05 

Av. 

09 
07 
Av. 

08* 

00* 
100 
101 
102 
103 
104 
105 
106 
107 
108 
100 
Av. 

110* 
111 
112 
113 
114 
115 
116 
Av. 

117* 

118* 

110 

120 

121 

122 

123 

124 

Av. 

125* 


li 


i* 


if 


if 


1H 


1H 


48,600 


101,800 


102,414 


Thro.  W  . 


63,400 
60,500 
61,460 

84,500 
67,200 
75,850 


67,200 
66,720 
72,060 
68,160 
70,800 
73,000 
76,800 
78,700 
82,600 
77,700 
73,404 


81,600 
82,600 
88,800 
81,600 
81,600 
78,700 
82,400 


00,800 
87,400 
105.600 
06,000 
08,000 
07,000 


122,100 
124,800 
123,450 

134,800 
132,000 
183,400 

,    140,600 

178,200 
160,560 
163,680 
164,640 
165.600 
168,000 
167, 000 
174, 700 
176,300 
171,800 
173, 400 
169,264 

102,000 
178, 600 
100,100 
100,300 
186,800 
203,500 
107,800 
192,685 

107,800 

241,000 
200,600 
237,100 
228,500 
226,500 
256,300 
232,300 
230,217 

227,300 


05,436 
101, 711 
98,573 

00,774 
88,888 
89,831 

02,175 

100,850 
04,261 
02,631 
93,175 
03,718 
05,610 
04.510 
08,868 
00,773 
07,277  I 
08,132 

96,796 

03,007 
86,113 
01,658 
06,004 
00,067 
08,110 
05.371 
92,904 

88,461 

100,207 
83,004 
08,585 
05, 010 
04,178 

106, 570 
06,500 


.W. 


Jr.W. 


Qr.W. 

§|r.  W.. 
Me.... 
Weld.. 

§[r.B.. 
ido.... 
Side.... 
Side.... 
Qr.  W.. 
Side.... 
Qr.W.. 
Qr.W.. 


Qr.W. 


47.6 


57,126 


61.0 
47.7 
49.8 

62.7 
50.0 
56.8 


71,040 


81,600 

84,000 


40.3 
40.8 
44.3 
41.2 
41.0 
43.7 
43.0 
44.6 
48.0 
44.8 
48.4 


97,921 


45.7 
43.5 
44.3 
43.7 
40.0 
80.8 
42.8 


115,749 

111,400 


45.2 
36.8 
46.2 
42.4 
8a  6 
42.1 


130,885 

131,500 


178.9 

171.8 
175.6 
178.6 

165.2 
161.8 
168.4 

178.0 

101.4 
170.0 
167.1 
168.1 
160.1 
171.5 
170.5 
178. 4 
180.0 
175.4 
177.0 
172.7 

180.6 
154.2 
164.0 
173.0 
161. 2 
175.6 
170.8 
166.4 

177.6 

100.0 
153.2 
181.2 
174.6 
173.0 
105.8 
177.4 
175.8 

172.8 


SHORT  SECTIONS  FROM  THB  SAME  BARS. 


126 

1* 

2 

127 

2 

128 

3 

120 

5 

130 

7 

131 

10 

132 

10 

Av 

138 

H 

2 

184 

2 

1?5 

8 

136 

5 

137 

7 

188 

10 

130 

10 

Av. 

63,400 
66,200 
60,100 
63,400 
78,000 
72,000 
52,800 
65,700 

78,700 
76,800 
08,000 
80,300 
85,400 
8r>,  400 
61,100 
82,229 


162,800 

02,133 

150,400 

00,200 

160,300 

00,710 

147,000 

83,100 

163, 700 

02,643 

157,000 

88,850 

155, 100 

87,777 

157,900 

89,360 

185,300 

80,344 

184,000 

80,161 

174,700 

84,233 

191,000 

03,073 

177, 100 

85,300 

188,200 

00,742 

158,400 

76,374 

180,500 

87,030 

97,921 


Links  marked  *  were  from  original  i 
and  purchased  bars. 


116,749 

nple  bars,  the  remainder  ohaln-iron  delivered  of  II", 


167.0 
163.0 
164.4 
150.8 
16&0 
161.2 
150.0 
161.9 

160.0 
158.0 
150.Q 
I68.4 
153.0 
I624 
136.8 
I66.5 

u".  ir. 


TESTS   OF   METALS. 
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Strength  of  chain  cablet,  fc— Continued. 

Iron  C— Continued. 

Short  bbctiohb  from  thb  bars  barb— Continued. 


140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
At. 


Stress  in  pounds. 


88,800 
81,000 
08,000 
86,400 
92,200 
97,900 

101,800 
95,000 
87,400 

103,700 
85,400 
97,000 
57,600 

90,554 


225,600 
231,300 
207,400 
195,800 
170,900 
196,800 
193,000 
176, 700 
212, 200 
192,000 
203,500 
202,600 
191,000 
199,830 


n 


93,804 
96,174 
86,231 
81, 414 
71,060 
81,829 
80,249 
72,056 
88,232 
79,800 
84,615 
84,240 
79, 418 
81,009 


1, 

tffi 

C  a 

I1 

O 

! 

i 

o 

t 

i 

I 

U>8 

1 

39.1 

9$ 

172.4 

35.2 

176.7 

47.7 

158.5 

44.1 

149.6 

53.9 

130.6 

49.7 

150.4 

52-7 

147.5 

54.0 

134.3 

41.1 

162.2 

54.0 

146.7 

42.0 

155.5 

47.8 

154.8 

30.0 

150.0 

45.5 

130^35 

153.0 

Ikon  D  (first  lot). 

SlKGLR  LDTK8  FROM  BARB  NOB.  410  TO  417. 


1* 


153 
154 
Av. 

155 
156 
Ay. 

157 
158 
Av. 

159 
160 
Av. 


161 
162 

163  I 

164  « 


u 

1 

1 

If 

1 

1 

1* 

1 
1 

37,900 
36,500 
17,200 

53,800 


57,600 


57,600 

70,600 
73,000 
71,800 

85,000 

94,100 

94,600 

134,400 


97,400 
95,000 

•M00 

124,800 
122,800 
128,800 

144,800 
142,000 
143,400 

178,500 
178,100 
178,300 

199,700 
231,400 
238,100 
276,500 


97,988 
95,573 
06,780 

101,711 
100,081 
100,896 

97,508 
95,622 
00,565 

101, 018 
100,792 
100,905 

96,287 
96,216 
86,236 
88,000 


Butt.. 
Qr.W. 


£ 


i,S: 


Qr.W. 
Side.. 


Side  .., 
Qr.W. 


38.9 
38.4 
38.6 

48.1 


43.1 

89.8 

"iv'i 

39.6 
41.0 
40.3 

42.5 
41.0 
40.0 
4a  5 


54,800 

68,160 


68,160 
81,600 
*8i,"60o' 


92,100 

111,360 
126,720 
142, 080 
160,700 


17&  0 
174.0 
170.3 

182.0 
180.0 
181.0 

177.4 
174.0 
175.7 

193.6 
193.2 
193.4 

179.2 
182.6 
167.6 
172.0 


Short  brctioxb,  second  lot,  1877,  from  barb  Nob.  418  to  428. 


165 
166 
167 
168 
169 
170 
171 
172 

173  I  2 

At.1 


H 
1} 

if 


36,200 
45,000 
55,200 
71,500 
80,100 
90,000 
99,000 
112,300 

116,000 


79,200 
87,500 
113,000 
137, 200 
173,000 
182, 000 
204,000 
215,000 

240,000 


100,843 
88,814 
90,617 
91, 711 
97,906 
88,306 
84,823 
70,468 

77,947 


Not  broken 


45.7 
51.4 

4a  8 

52.1 
46.3 
40.5 
48.5 
52.2 


L25 
1.55 
1.60 
2.25 
2.50 
3.00 
3.10 
3.75 


48,000 
58,700 
72,300 
86,  800 
101, 200 
110,500 
128,  600 
149,  000 
142, 100 
149,  800 
145,950 


165.0 
140.0 
156.3 
158.0 
170.8 
164.8 
15a  6 
144.2 


104.4 


182 


TESTS   OF  METALS. 


Strength  of  chain  cablet,  #o. — Continued. 

Ikon  E. 
Single  ukib  fbom  babs  Nob.  181  to  904,  478  to  48a 


Stress  in  pounds. 


3* 


it 

"24 


i 


i 


n 


%\ 


174 
175 
178 
177 
Av, 

178 
179 
180 
181 
Av. 

183 
183 
184 
185 
Av. 

180 

187 

188 
180 

Av. 

190 

191 
192 
Av. 

193 

194 

195 

198 

197 
198 
Av. 


H 


U 


I 


U 
1* 

if 


44,200 
43.800 
43,000 
43,800 
48,700 

44,200 
44,000 
45,100 
44,600 
44,625 

53,800 
53,800 
55,700 
54,700 
54,500 


65,800 
72,000 
68,650 


73,000 
71,500 
72,250 


91,000 


92,000 
95,000 
08,800 


87,400 
90,200 
85,500 
87,500 
87,650 

112,500 
119,000 
109,400 
113,700 
113,650 

132,600 
137, 700 
130,100 
139,200 
184,000 

162,432 

179,520 

162,400 
158,900 
160,650 

205,056 

194,300 
185,300 
189,800 

213,696 

218,304 

221,500 

234,816 

243,600 

223,600 

288,600 


84,120 
86,814. 
82,290  I 
84,215 
84,860 

90,216 
95,429 
87,730 
91, 178 
01,188 

87,409 
90,771 
85,761 
91,760 
88,025 

100,081 

101,584 

91,907 
89,926 
90,016 

98,870 

93,198 
88,787 
00,001 

95,570 

90,770 

92,099 

91,014 

86.845 
78,871 
82,858 


50.6 
48.6 
50.3 
50.0 
40.0 

89.3 
85.7 
4L2 
89.2 
88.8 

40.6 
89.0 
42.8 
39.3 
40.4 


Qr.B. 

Qr.W. 

Qr.W. 
Qr.W. 


40.2 
45.8 
42.7 


Qr.B.. 

Qr.W. 
Qr.B.. 


87.6 
88.6 
88.1 


Qr.B.. 

Qr.  B .. 

Qr.W. 

Qr.B. 

Qr.W. 
Qr.W. 


4L0 


38.0 
42.5 
40.2 


55,152 


67,200 


70,206 

87,552 
98,884 


97,920 
109,248 


108,384 
116,544 
119,808 
124,128 
129,792 


142,001 


15a  4 

163.6 
155.0 


108.9 

167.4 
177.0 
162.8 
160.2 
169.1 

167.2 
173.6 
164.6 
175.6 
170.2 

185.6 

106.0 

165.8 
162.2 
164.0 

187.7 

179.2 
17L0 
175.1 

183.2 

182.2 

17a  4 

180.9 

170.0 
156.4 
108.2 


IBON  F  (FIKST  LOT). 

Short  sections  op  cable  likxs,  fbom  babs  Nob.  499  to  514. 


199 

1* 

2 

200 

U 

2 

20L 

U 

2 

202 

11 

2 

203 

11 

2 

204 

U 

2 

205 

U 

2 

206 

2 

2 

28,500 
50,000 
51,000 
60,540 
71,000 
76,400 
63,500 
105,000 


86,400 
101,700 
119,000 
155,500 
174,700 
203,500 
230,900 
268,750 


87,698 
82,855 
79,545 
88,002 
84,764 
84,615 
83,177 
86,414 


Qr.W... 
Qr.W... 
Qr.W... 
ThraB. 
Thro.  B. 
Qr.W... 
Qr.W... 
Qr.W... 


83.0 

.60 

49.1 

42.9 

.90 

38.9 

LOO 

40.6 

LOO 

87.5 

1.90 

36.1 

2.40 

39.1 

58,850 
64,000 
77,285 
91,875 
107,520 
121,020 
140,025 
152,200 


162.8 
160.4 
154.0 
100.2 
102.5 
106.0 
108.8 
176*5 


TESTS   OF   METALS. 

Strength  of  chain  cablesf  £«.— Continued. 
Ibon  F  (fxbst  lot)— Continued. 

8DIGL*  UKXfi  FROM  THE  BAMS  BARB. 


183 


Stress  in  pounds. 


it 


! 


I 


it 


u 


44,700 
43,700 
44^00 

60,500 

49,500 

50,000 

63,000 
65,000 
64,800 

68,040 

76,800 


97,900 

94,100 

96,000 

115,200 
113,300 
114,350 

186,800 
185,400 
186,100 

152,600 

189,100 

210,200 

228,200 


98,870 
95,513 
97,441 

93,888 
92,889 
91,113 

91,448 
90,508 
90,975 

86,360 

91,751 

87,401 

80,403 


.W. 
.W. 


52,900 


8.7 


64,990 


£ 


W. 
B.. 


Thro.B. 
Qr.W... 
Qr.W... 
Qr.W... 


47.2 

44.8 
40.6 


77,285 

91,875 

107,520 

121,920 

140,025 


181.0 

177.2 
174.4 
175.8 

177.1 
175.8 
176.2 

166.0 

175.8 

172.4 

158.0 


Ibon  F  (thikd  lot). 

SHOKT  8BCTIOH  OF  CABLB-UNKA,  FEOM  BASS  NOB.  679  TO  704  AMD  735  TO  752. 


1 

8 

If 

8 

li 

8 

If 

8 

It 

8 

u 

8 

11 

8 

1 

8 

i 

6 

5 

6 

i 

5 

5 

6 

6 

t 

6 

5 

6 

...... 

— 

1 

5 



6 

.... 

85,600 

47,600 

56,000 

65,600 

70,600 

90,000 

90,000 

100,600 

1,500 
1,600 
1,500 
1,5*8 

4,000 
8,800 
8,900 
3,800 
3,875 

4,200 
6,600 
9,000 
6,600 

6,600 
6,000 
5,800 


67,600 
85,000 
107,600 
128,600 
150,600 
197,600 

2\eoo 

233,600 

3,825 
4,000 
8,500 
2,776 

8,275 
9,000 
8,840 
10,050 
8,016 

17,600 
15,800 
17,400 
16,938 

25,000 
25,800 
25,400 


84,872 

84,745 

87,693 

85,962 

85,172 

83,095 

78,514 

73,621 

77,290 
80,000 
70,720 
76,008 

74,950 
81,520 
75,550 
90,570 
80,647 

89,660 
80,000 
88,640 
86,100 

84,170 
86,868 
85,519 


Thro.W 

ThrcW 

ThiaW 

Thro.B. 

Qr.W... 

Qr.W... 

ThrcW 

Thro.W 

Weld... 
Thro.W 
ThrcW 

Thro.W 
Thro.W 
ThrcW 
Qr.B... 

Qr.W... 
Weld... 
Qr.W... 

Qr.W... 
Qr.W... 


52.6 

56.0 

51.1 

5L0 

47.0 

45.5 

41.7 

43.0 

89.2 
40.0 
42.8 
40.7 

48.8 
42.2 
46.7 
37.8 
48.7 

28.8 
41.7 
61.7 
89.1 

22.4 
19.4 
20.0 


41,600 
50,800 
64,700 
78,800 
89,800 
120,200 
136,600 
151,900 


2,919 


5,940 


10,848 
15,924 


162.4 

168.3 

166.0 

164.2 

167.6 

164.6 

157.3 

148.8 

13L0 
137.0 
119.9 
129.3 

139.1 
151.3 
140.0 
169.1 
149.0 

170.1 
152.7 
168.2 
168.7 

157.0 
162.0 
159.5 


184 


TESTS   OF  METALS. 


Strength  of  chain  cables,  fc. — Continued. 
Ikon  F  (third  lot)— Continued- 

SHOBT  8SCTIOKB  OF  CABLB-LINKS,  FROM  BARS  NOB.  679  TO  704  AKD  785  TO  762. 


237 
Av. 


Av. 


Stress  in  pounds. 


n 


10,000 
10,000 
10,000 


17,000 
14,010 
15,806 


38,000 
31  40o 
34,700 


44,000 

48,800 

46,400 


n 

8*1 


81,540 
67,380 
74,460 


71,035 
78,064 
74,000 


! 


fr.W. 
freld., 


End  Ik. 
End  Ik. 


ii 


26.8 
31. 8 
20.0 


I 


! 


i 

00 


* 

I 


23,024 


81,317 


ii 


165.0 
136  3 


150.6 


140.5 
155.7 


148.1 


Iron  Fac  (Lot  No.  1). 
Shobt  sectiohb  of  cablx-loixb  frok  Bars  NOB.  753  TO  707. 


240 

1 

8 

241 

li 

8 

242 

U 

8 

243 

If 

3 

244 

1* 

8 

245 

If 

8 

246 

If 

8 

247 

11 

3 

248 

2 

8 

84,800 

44,400 

61,100 

78,000 

80,000 

88,000 

100,000 

110,800 

117,200 


70,300 
81,400 
111,000 
124,000 
153,000 
168,000 
186,000 
205,000 
240,000 


86,036 
79,725 
90,464 
82,887 
88,593 
81,513 
76,923 
74,063 
76,384 


Qr.W. 
Thro.W... 

Qr.B 

Weld 

Qr.W 

Qr.W 

Qr.W 

ThraW... 
Not  broken 


49.5 

L12 

54.5 

1.42 

55.0 

1.70 

62.9 

2.25 

52.3 

2.15 

68.8 

an 

54.0 

2.60 

58.9 

2.90 

4.80 

45,040 
57,620 
68,460 
80,860 
04,520 
110,140 
129,500 
146,780 
163,420 


156.8 
141.3 
162.0 
154.2 
161.8 
152.4 
142.S 
140.0 


Third  lot  from  Bars  Nob.  825  to  842. 


249 

1 

250 

u 

251 

1* 

252 

If 

253 

If 

254 

If 

8 

255 

If 

3 

256 

1* 

2 

257 

2 

2 

34,500 
89,600 
49,000 
60,000 
70,600 
83,000 
100,000 
109,000 
118,000 


69,600 
86,000 
105,000 
126,800 
152,800 
179,000 
190,600 
229,000 
238,600 


88,617 
85,724 
84,202 
83,586 
85,815 
85,769 
80,237 
83,384 
75,938 


Thro.W... 

• 
49.6 

ThiaW... 

46.0 

Thro-W... 

46.7 

Qr.W 

47.8 

Qr.W 

46.2 

Qr.W 

46.4 

Throw  W... 

62.5 

Thro.W... 

47.6 

Thio.W... 

49.5 

42,150 
54,300 
06,400 
80,000 
04,000 
111,800 
126,100 
146,500 
159,500 


1044 
157.0 
158.0 
158.6 
101.0 
160.8 
151.2 
150.4 
140.0 


TESTS  OF   METAL& 

Strength  of  ohai*  cables,  ^c.— Continued. 

Iron  G. 

8UQ1M  UMKB  FBOM  BABB  1*08.  206  TO  228. 


185 


Teat  number. 


i 


Strew  at— 


i 

I 


OQ 


259.. 
200.. 
261.. 
262.. 


1* 
li 

1H 
U 


155,100 
160,100 
195,200 
198,000 
215,200 
223,300 


95,564 
90,605 
94,H8 
88,550 
89,480 
86,550 


Qr.W.. 
Qr.W.. 
End  Ik. 
Qr.W.. 
Qr.W.. 
Qr.W.. 


86,400 
91,800 
106,200 
115,800 
121,200 
129,800 


179.6 
174.4 
183.2 
17L0 
177.6 
172.0 


Ikon  H. 
uses  fbom  Babs  Nob.  229  to  240. 


264 

1* 
li 
1* 

170,000 
204,100 
225,200 

96,208 
97,409 
93,688 

Qr.W 

Qr.W 

Qr.W 

92,700 
108,500 
129,400 

183.4 

265 

188.0 

266 

174.0 

Iron  J. 

Smglb  uxkb  fbom  Babs  Nob.  256  to  28L 


267 

1* 

li 
if 

m 
h 
hi 

153,600 
157,600 
120,000 
211,600 
222,700 
195,800 

94,659 
89,190 
57,859 
94,683 
92,600 
75,891 

Qr.W 

Qr.W 

Qr.W 

Qr.W 

Qr.W 

Qr.W 

81,800 
90,200 
109,400 
121,000 
128, 100 
126,300 

187.8 

268 •-. 

174.6 

269 

109.6 

270 

174.8 

271 

173.8 

155.0 

Iron  L. 
Sdtglb  Lnntfl  fbom  Babs  Nos.  282  to  305. 


273.. 
274.. 
275.. 
276.. 
277.. 
278.. 


1& 

1* 

If 

1« 

li 

lil 


138,600 
193,200 
163,600 
222,900 
254,600 
234000 


85,397 
109,337 
78,881 
99,642 
105,862 


Qr.W. 
Qr.W. 
Qr.W. 
Qr.W. 
Qr.W 
Qr.W. 


112,230 
123,300 
139,200 
123,700 
145,000 
145,000 


123.4 
156.6 
116.2 
180.0 
175w6 
160.0 


186 


TESTS   OP  METALS. 


Strength  of  chain  cables,  ft. — Continued. 
Ibon  K. 

SBOBT  MCTIOMB  OF  OABUMJBKB  VBOM  BABS  NOB.  848  TO  888. 


i 


i 

s 

i 

I 
I 


Stress  In  pounds. 


i 


n 

ill 


! 


I 


279 


281 


883 
284 
Av. 


287 


It 
14 
H 
H 
If 

11 
11 
2 


89,400 

47,000 

58,000 

67,600 

69,000 
76,800 
72,900 

72,500 

97,000 

104,000 


84,500 

96,000 

125,800 

143,000 

171,000 
183,900 
177,450 

172,800 

246,800 

258,900 


85,001 

Qr.W 

78,240 

Weld 

84,714 

Qr.W 

80,925 

Qr.W 

82,449 
88,669 
85,569 

71,850 

Qr.W 

Qr.W 

Qr.W 

89,887 

T.W 

82,400 

Qr.W 

48.6 

49.0 

42.2 

8L2 

40.4 
41.7 
41.0 

42.0 

89.0 

40.0 


L70 
.50 

.47 

.87 

.87 
.86 

M 

.66 
LOO 
LOO 


00,090 

72,980 

82,848 

101480 


118,408 
189400 
164,080 
191,520 


140.0 
181.4 
150.0 
141.2 


140.7 


100.0 
186.2 


SttGLE  LOTS  VBOM  SAME  BABS. 


Av. 

290 
291 
Av. 


293 
Av. 

294 

295 
296 
Av. 

297 
298 
299 
Av. 

800 
801 
Av. 

802 

808 
804 
At. 


It 

U 

If 

l* 
1ft 

U 

u 
n 


89,900 
40,800 
40,100 

58,600 
66,200 
02,400 

67,600 
53,800 
66,700 


67,600 

57,600 

72,000 
72,000 


72,000 


97,000 
105,600 
101400 


100,400 
92,200 
90400 

128,600 
123,800 
126,200 

187,200 
126,700 
181,960 

178,000 

148,900 
184,700 


202,200 
163,200 
215,400 
198,000 

283,800 
219,800 
2264*0 

241,500 

263,000 

264,000 

263,600 


101,006 
92,756 
90478 

104,808 
100,898 
102462 

92,890 
85,820 
884M 

109,878 

88,185 
104,527 
98481 

97,492 
78,688 
103,857 
98,846 

104,561 

98,077 

101,819 

100,415 

95,256 
95,617 
95,486 


}r.W. 
3r.W. 


£ 


W. 

w. 


r.W. 
de... 


Qr.W. 

Qr.W. 
Qr.W. 


ir.B.. 

r.W. 
r.W  . 


.W. 


Qr.W. 


2r.B. 
ir.B. 


89.6 
43.7 
41.0 

45.6 
68.6 
49.5 

42.0 
42.5 
42.3 


89.2 
39.2 


85.6 

44.1 


89.8 


86.9 
40.0 
88.5 


60,096 


72,900 
"82448' 


101480 


118,408 


180,000 
189400 


164*080 


107.2 
158.4 
180.3 

176.2 
169,6 
172.9 

166.6  \ 

163.0 

1004 

179.2 

146.0 
182.0 
168J 

170.6 
187.8 
18L8 
100.7 

179.5 
16a  7 
174.1 

178.4 

17a  6 
171.4 
171.0 


TESTS   OF  METALS. 


187 


Sktmgik  of  chaiftr  cables,  ^-c— Continued. 

IronN. 

8hok  8bctiowjof  cabis  ukkb  tbqu  babft  hob.  896  to  911. 


Stress  in  pounds. 


s-i 


I 


Pi 


1. 

11 

1 

i 

i 

* 

i 

68.0 

1.76 

68.8 

2.06 

55.4 

2.52 

52.5 

2.77 

49.2 

8.60 

54.8 

1.75 

51.9 

3.40 

50.8 

2.00 

i 


li 


Q-4 

41 


72 


305 

806 
807 
808 
808 
310 
311 
312 


46,000 

58,000 

70,100 

80,000 

96,200 

110,800 

116,200 

118,000 


85,000 
105,000 
126,400 
152,200 
195,500 
201,100 
228,700 
282,000 


Thro.W. 
Qr.W... 
Qr.W... 
Qp.W... 


84,915 

85,574 

84,492 

87,270 

92,566  j  Qp.W... 

85,538     Qp.W... 

81,468  j  Qr.W  ... 

73,116  i  Thro.W. 


56,200 

69,800 

81,200 

93,400 

119,000 

129,850 

140,150 

164,200 


15I.M 
KM 
155.4 

102.9 
164.2 
161.8 
159.6 
141.2 


Iron  O. 
Shout  ascnom  fkom  bass  Hob.  912  to  920. 


313 

1 

8 

814 

1* 

3 

315 

u 

8 

316 

li 

8 

317 

1* 

8 

318 

If 

3 

319 

1* 

3 

820 

li 

3 

321 

2 

3 

81,400 
85,000 
45,800 
61,200 
60,000 
74,500 
90,000 
102,000 
119,800 


68,000 
80,900 
95,500 
126,400 
156,500 
180,000 
207,000 
237,000 
238,000 


84,872 
85,131 
77,832 
87,631 
86,823 
87,336 
89,070 
87,288 
75,747 


Qr.W.. 
Qp.W.. 
Thro.W 
Qr.W.. 
Qr.  B... 
Qp.  B... 
Qp.W.. 
Qp.  B... 
Weld... 


46.2 
63.3 
48.0 
4a  8 
88.6 
4L4 
48,5 
48.0 
60.8 


46,000 
50,400 
61,400 
72,400 
91,400 
108,000 
116,500 
129,000 
151,000 


148.0 
100.  G 
153.  G 
173.2 
170.0 
160.6 
177.0 
183.6 
156.0 


188 


TESTS   OF   METALS. 


Strength  of  chain  cables,  fo.— Continued. 

Ikon  P. 

Short  sbctiohs  from  bars  Nos.  921  to  026. 


Stress  in  pound*. 


-s° 


ft 

! 


If, 


sag 

I8* 


II 

II 

li 


I 

! 

I 


I 


I 

ii 

i 

CO 


Av. 


326 
327 
328 
Av. 


330 
331 
332 
338 
334 
335 
Av. 


337 


U 


1A 


li 

1* 


42,240 


66,000 
62,000 
66,000 


50,000 

52,000 

62,800 


60,600 
60.000 
68,900 
63,600 
65,000 
61,800 
61,800 


125,000 


117,120 
107, 520 
112,820 

110,500 

109,500 

111,500 
110,000 
109,000 
1U9.500 
110,000 

184,592 

141,000 
141, 200 
141, 000 
139, 400 
142,500 
140,  900 
141,000 

134,592 

256,820 


91,002 
86,222 
88,012 

81,670 

80,931 

82,409 
81,300 
80,661 
80,931 
91,817 

89,968 

86,876 
86,999 
86, 876 
85,890 
67,800 
86. 814 
80,876 

74,196 

80,000 


Weld. 
Qr.W. 


36.0 


Qr.B  ... 
Thro.B. 

?r.W  .. 
hro.B. 
Qr.W... 
Qr.W... 


40.7 
45.7 
49.8 


45.8 
47.5 
47.0 


Qr.W. 


48.2 

42.9 
41.7 
.46.6 
45.6 
43.8 
48.8 


Qr.W.... 
ThrcW. 


48.8 


70,404 


74,400 
78,024 


89,100 
05,004 
159,840 


108*8 


141.4 
170.1 


157.9 
140.0 
1601 


SftCOKD  lot— Bars  Nos.  926  to  942. 


388 

1 

8 

889 

H 

8 

840 

1* 

8 

841 

li 

8 

342 

ii 

8 

348 

U 

8 

344 

U 

8 

345 

ii 

8 

346 

2 

8 

88,000 
46,200 
60,400 
60,000 
73,600 
86,000 
106,000 
115,000 
129,000 


60,400 
76,000 
122,100 
118, 4f0 
156,000 
199,000 
212,000 
238,000 
242,000 


78,461 
77,141 
94,871 
76,983 
85,950 
94,270 
86,143 
88,933 


Qr.W 

Qr.W 

ThraW... 

End  Ik 

Qr.W 

Qr.B 

End  Ik 

Qr.B 

Not  broke  . 


62.9 
59.5 
48.1 
50.7 
47.2 
48.2 
50.0 
49.4 


44,500 


78,200 
85,000 
•M00 
117,500 
180,050 
145,200 
161,800 


185.8 

160.8 
189.9 
158.9 
100.4 
163.0 
100.4 


347 
348 

349  | 

350  ! 
361  ! 


U 

li 

li 
li 

li 


Third  lot  (Pa;)— Bars  Nos.  943  to  952. 


53,000 
71,400 
98,000 
84,600 
108,200 


116,000 
156,000 
209,800 
196,200 
236,000 


93,023 
87,102 
86,231 
91,003 
85,943 


Thro.  W . . 
ThraW.. 

Qr.W 

Qr.B 

Thro.  W . . 


45.7 
45.8 
46.7 
43.1 
45.8 


70,250 
97,850 
181,000 
116,500 
142,000 


105.2 
160.2 
158.4 
189.9 
100.2 


TESTS   OF  METALS. 

Strength  of  that*  cable*,  fc — Continued. 
Iron  M. 

BBCnOXS  07  CABLE-LUCKS  FROM  BAB8  NOB.  1067  TO  1408. 


189 


Stress  in  pounds. 


V.  I 
i 


n 
ill 


352 
353 
354 
355 
356 
357 
Av. 

358 
359 
300 
361 
362 
363 
Av.  . 

364 

365 
368 
367 
368 
Av.  . 

369 
370 
371 
372 
373 
374 
Av.  . 

375 
376 
377 
378 
379 
Av. 


381 


384 
385 
Av.  . 


387 
Av. 

388 
389 
Av. 


If 


If 


If 


1* 


19 


48,700 
52,000 
61,800 
56,000 
56,700 
57,000 
58,700 

56,000 
56,500 
55,000 
56,800 
52,400 
63,000 
56,617 

53,000 
53,200 
52,300 
53,600 
58,000 
54,6)30 

56,000 
60,000 
59,500 
56,200 
55, 400 
59,000 
57,683 

70,000 
73,000 
67,600 
70,000 
65,600 
60,340 

69,000 
70,000 
73,200 
72,600 
72,600 
74,500 
71,700 

60,000 
80,000 
70,000 

80,000 
79,000 
70,500 


119,000 
112,500 
123,500 
119,800 
112,000 
119,500 
117,716 

126,000 
120,500 
121,000 
125,000 
122, 5(0 
122,000 
133,888 

125,000 
136,600 
115,000 
119, 000 
111,  000 
131,830 

106,000 
96,000 

103,400 
95,800 

105,800 

111,  000 
108,000 

132,000 
127,600 
115,600 
95,000 
126,600 
119,860 

151,600 
143,900 
155,800 
161, 000 
151,000 
152,000 
153,46f 

155,000 
140,000 
147,600 

125,000 
180,000 


96,964 
91,687 
100,652 
97,636 
91,279 
97,892 
98,905 

84,962 
81,254 
81,591 
84,288 


83,827 

84,803 
92,673 
78, 019 
80,732 
75, 805 
82,806 

71,253 
65,130 
70, 511 
64,104 
71, 705 
75, 805 
69,683 

87,013 
83,454 
76,203 
62,628 
83,454 
78,549 

85,800 
81,430 
87,880 
91,110 
85,400 
86,000 
86,370 

87,719 
79, 230 
88,474 

60,270 
86,788 


B-. 
TV. 


Qr.TV. 


Thro.  TV., 
Thro.  TV. 
Thro.  TV. 
Thro.  TV. 
Thro.  TV. 


Thro.  TV. 
Thro.  TV. 
Thro.  W. . 
Thro.  TV.. 
Thro.  TV.. 
Thro.  TV. 


Thro.  W. 
Thro.  TV.. 
Thro.  TV. 
Thro.  TV. 
Thro.  W. 


Thro.  W. 
Thro.  TV. 


Thro.  TV. 
Thro.  TV. 


40.9 
46.2 
4L9 
46.8 
50.6 
47.7 
45.7 

44.4 

46.8 
45.4 

45.4 
42.8 
51.6 
46.1 

42.4 
38.9 
45.5 
45.0 
52.2 


52.8 
62.5 
57.6 
58.6 
52.3 
53.1 
56.1 

53.0 
57.2 
58.5 
73.7 
61.8 
58.8 

45.5 
48.6 
47.1 
45.1 
48.1 
49.0 
47.2 


1087  to  1106 


05,960 


1107  to  1134 


80,093 


1185  to  1182 


80,863 


1183  to  1186 


78,150 


1187  to  1221 


87,496 


1222  to  1385 


97,001 


1386  to  1397 


103,135 


64.0 
43.7 


1398  to  1408 


119,804 


180.4 
170.6 
187.2 
181.6 
169.8 
181.2 
178.4 

156.0 
149.4 
149.8 
154.8 
151.8 
15L2 
153.1 

143.8 
157.2 
132.4 
137.0 
137.8 
141.0 

135.6 
122.8 
132.2 
122.6 
135.4 
142.0 
131.8 

150.8 
146.0 
132.0 
108.4 
144.6 
186.8 

155.9 
148.0 
159.7 
165.5 
162.8 
163.8 
159.8 

151.7 
187.0 
144.3 

104.4 
150.8 
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Strength  of  chain  oodles,  fe. — Continued*- 
Iron  M— Continued. 

8DIOLR  CABLE  UHKB  FBOM  THE  SAME  BABE. 


Stress  In  pounds. 


! 
t 


* 


i 

i 

60 


390 
391 
392 
Av. 

393 
394 
395 
Av. 

390 
397 
398 
399 
Av. 

400 
401 
402 
Av. 

408 
404 
405 
406 
407 
Av. 


409 
410 
Av. 

411 
412 
Av. 

413 
414 
Av. 


1ft 


1» 


If 


lft 


1ft 


If 


60,600 
62,500 
63,400 
58,800 

67,900 
63,000 
71,000 
61,967 

66,000 
67,900 
68,000 
68,700 
(7,660 

67,000 
60,000 
65,000 
67,000 

98,600 
75,000 
90,000 
85,600 
83,000 
86,660 

89,600 
95,600 
88,600 
90,9SS 

81,000 
90,000 
85,500 

65,200 
60,000 
67,100 


126,600 
128,600 
122,000 
138,670 

180,000 
113,000 
134,400 
125,800 

189,500 
135,000 
132,000 
183,500 
186,000 

116,000 
113,300 
112,100 
113,800 

186,600 
141,000 
106,000 
186,000 
125,600 
128,640 

160,000 
165,600 
147,600 
154,400 

176,000 
173,000 
174,000 

135,000 
182,500 
158,760 


Qr.W. 
Side  ... 
Wold. 


Thw.V. 
ThraW. 
Thro.W. 


102,282 

100,662 

99,429 

100,788 

87,660 
76,196 
90,627 

•84,828 

94,840 
91,587 
89,562 
90,569 
91,587 

78,690 
76,865 
76, 051 
77,203 

89,836 
92,940 
69.218 
89,650 
82,729 
84^74 

90,646 
88,060 
83,680 
87,876 

99,037 
97,906 
98,471 


65, 000  Thro.  W  . 
88,000  -  Qr.W.... 
76,500./- 


ThraW. 
ThraW. 
Thro.W. 
ThraW. 
ThraW. 


End  Ik... 
ThraW. 
Qr.W.... 


T.W.. 
Qr.W. 


40.2 
60.6 
61.9 
47.6 

44.5 
65.8 
02.8 
51.0 

40.1 
42.9 
44.0 
43.9 
42.7 

57.7 
60.9 
67.9 
68.8 

72.7 
68.2 
85.7 
72.9 
66.1 
70.1 

66.0 
61.4 
60.0 
59.1 

46.2 
52.0 
49.1 

48.5 
37.8 
48.1 


1067  to  1106 


66,060 


1107  to  1184 


80,608 


1185  to  1182 


86,862 


1183  to  1186 


78,160 


1187  to  1221 


87,406 


1222  to  1385 


07,601 


1386  to  1397 


1398  to  1408 


102,126 
*  119,800 


190.2 
187.2 
185.0 
185.4 

161.2 
14a  0 
166.6 
166.9 

160.6 
155.4 
.  151.8 
153.6 
156.8 

148.4 
145.0 
143.4 
145.6 

154.8 
161.0 
120.0 
155.4 
143.4 
146.9 

164.5 
160.0 
151.7 
W8.7 

171.3 
179.2 
175.2 

112.7 
152.4 
133.5 
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Strength  of  okain  cable$,  ^a— Continued. 

Ibon  M— Continued. 

[Beoord  furnished  by  Bureau  of  Equipment) 

Show  ucnoro  or  cablb  usee,  bouhd  bam. 


Stress  in  pounds. 


i 


U 

"it 


i 

i 


-3* 


415 
416 
417 
418 
419 
Av. 


421 
422 
428 
At. 

424 

425 

425 
Av.. 

427 


430 
431 

Av.  . 

432 

433 

434 

435 
436 
437 
438 
Av. 

439 
440 
441 
442 
Av. 

443 
444 
445 
Av. . 


1A 


92,000 
112,000 
101,000 
114,000 
102,000 
101,200 

77,000 
117,000 
115,000 

92,000 


75,244 
91,279 
82,314 
92,909 
88,129 


ThraW-, 

#T.:::: 

Qr.W.... 


79,700 


50,248 


51 


57,660 
86,474 
85,070 
67,977 


Tbro.W- 
Qr.W... 
ThraW. 
ThraW. 


70,800 


56,761 


20 


If 


If 


183,000 
126,800 
113.100 
194400 

156,000 
169,000 
162,000 
158,600 
155,600 


89,562 
85,887 
76,094 


Qr.W..., 
ThraW. 
ThraW. 


56,777 


18 


89,417 
95,642 
91,680 
89,756 
88,058 


ThraW.. 
ThraW.. 
ThraW.. 

r  W'  ... 
JhraW.. 


Thr 


1# 


187,000 

207,000 

228,000 
225,600 
213,000 
215,600 
212,000 


90,175 

92,676 

99,728 
93,804 
88,565 
89,646 
88,149 


99,429 
118,700 
127,700 


56,270 
54,851 
674U 


47 


187,0 


57,001 


1H 


222,000 
210,000 
222,000 
228,600 


86,046 
81,395 
86,046 
88,605 


Thro.W.. 
Thro.W., 
Thro.W.. 
ThraW. 


142,867 


55,181 


24 


278,000 
276,000 
255,000 


91,661 
91,024 
81,158 


Side... 
Qr.W. 
Side... 


171,490 


47 


126.6 
154.0 
138.9 
156.8 
140.8 
1484 

100.8 
152.8 
149.8 
119.8 
180.7 

157.7 
150.4 
134.0 
147.7 

lsa  9 

169.9 
162.9 
159.5 
156.4 
100.7 

164.4 

162.1 

162.7 
164.6 
155.3 
157.3 
154.7 
158.0 

162.9 
147.6 
162.9 
167.6 
160.2 

162.1 
160.9 
14a  6 
107.2 


The  tests  in  detail  of  the  individual  bars  wm  not  famished. 
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Strength  of  chain  cables,  $c— Continued. 

Ibon  M — Continued. 

SnroLs  links  from  the  bams  bars. 


I 
I 


I 

i 

I 
I 


Stress  In  pounds. 


i 

t 


i 

a  . 


4* 


446 

447 
448 
449 
450 
Av.  . 

451 
452 
453 
454 
Av. 

455 
456 

457 
458 
Av. 

450 
460 
461 
462 
468 
464 
465 
Av. 

466 

467 


460 
470 
471 
472 
Av. 

478 
474 
475 
476 
Av. 


u 


1A 


l* 


1ft 


1H 


115,800 
121,000 
111,000 
124,800 
110, 400 
116,600 

138,000 
130,000 
128,000 
110,000 
125,250 

115,000 
139,600 
133,000 
127,600 
128,800 

174,000 
161,000 
153,000 
165,600 
173,000 
165,600 
168,600 
165,828 

108,000 

207,000 

235,600 
235,000 
200,000 
103,000 
108,600 
212,440 

210,000 
225,600 
243,000 
240,000 
281,000 


04,376 
98, 614 
90,464 

101, 711 
89,975 

05,028 

98,300 
06,082 
94,604 
81,300 
02,571 

77,441 
04,007 
89,562 
85,926 
88,784 

08,472 
91, 114 
86, 587 
93,718 
97,906 
93,718 
95,416 
03,847 

08,067 

02,576 

07,062 
07,709 
83,160 
80,274 
82, 578 
88,130 

81,395 
87,441 
91,186 
96,511 
80,888 


Thw.V., 
Thro.W. 
Thro.W. 

Sr.W... 
.Ik 


Thro-W. 
Thro.W.. 
Thro.  W. 
Thro.W. 


ThTO.W.. 
Thro.'W.. 
ThTo.W. 
Qr.W.... 


Qr.W. 
E.Ik.. 


?r.W .... 
hraW.. 
Thro.W.. 
ThraW.. 
Thro.  W.. 


Thro.  W. 
Thro.W. 
Thro.W. 
Thro.W. 


72,700 


59,248 


51 


76,800 


56,761 


20 


84,800 


56,777 


18 


00,420 
118,700 
127,700 


50,270 
54,851 
57,115 


47 

5 
5 


187,002 


57,008 


90 


142,367 


55,181 


24 


150.3 
166.4 
152.7 
171.7 
161.0 
100.5 

173.1 
160.3 
166.7 
143.2 
108.1 

186.4 
165.6 
167.7 
15L3 
152.7 

175.0 
162.0 
153.0 
166.6 
174.0 
166.6 
160.5 
100.8 

100.0 

103.1 

171.0 
171.4 
145.0 
140.7 
144.8 
154.0 

147.6 
166.2 
170.7 
174.9 
164.8 
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Strength,  of  chain  cables,  fc,  and  of  round-bars  made  of  iron  rolled  at  Washington  Navy 

Yard. 

Short  sections  from  roukd  dabb  as  given. 


Location  of  fracture. 


Mi 


Strength  of  bar*. 


P 

WES  U 


477 

478 
470 
At. 

480 
481 
482 
At, 

483 
484 

485 
At. 

486 

487 
488 
At. 

489 

490 
491 
At. 

492 
493 
494 
At. 

495 

498 
497 
498 
At. 


U<1.25) 


110.88) 


If  (1.49) 


1ft  (1.59) 


1|(1.63) 


U(L77) 
2  (2.02) 


67,600 

69,400 

69,400 

68,800 

108,000 
115,000 
108,600 
110,W3 

134,800 
135, 000 
137,400 
185,900 

150,000 
149, 000 
151, 000 
150,000 

163,000 
176,800 
158,000 
165,867 

179,800 
178,000 
178,600 
178,800 

204,000 


19.800 


38,120 


Qr.W.... 
ThraW. 
Qr.W.... 


17,000 


.w. 

ir.W. 
W. 


90,800 


£ 


W. 

W. 

w. 


Qr.W. 


35,300 


36,100 
30,400 


45,000 
44,400 
44,400 
44,000 

68,000 
67,000 
67,000 
67,833 

84.000 
82.000 
82, 600 
82,867 

92,600 
92,000 
93,600 
02,733 

108,600 
106,200 
107,600 
107,407 

110, 400 
111,400 
112,400 
111,400 

128,500 

173,000 

167,600 
169,000 
109,867 


56,166 
50,532 
66,532 
56,410 

54,535 

53, 733 

53,733 

54,000 

56,161 
64,  tt!4 
65, 2.'5 
50,403 

53, 105 
52, 761 
53,071 
53,179 

54.596 
63, 4fc5 
54,193 
54,128 

52,899 
53,378 
63,857 
53,378 

52,214 

53,983 
52, 298 
52.  922 
53,068 


151.6 
154,7 
154.7 
163.7 

160.4 
170.8 
161.3 
163.9 

162.8 
162.0 
165.8 
163.8 

161.8 
160.7 
162. 8 
161.8 

151.7 
161.8 
147.0 
1544 

101.4 
159.8 
160.3 
100.5 

1584 

153.1 
158.1 
152.2 
154.5 


Note. — This  set  of  tests  was  made  at  the  navy  yard.  Washington,  by  the  officers  in  charge  of  the 
Equipment  Department.  The  Board  has  been  permitted  by  the  Chief  or  the  Bureau  of  Equipment  to 
make  use  of  these  tests,  which  are  taken  at  random  from  the  voluminous  record*  which  have  been 
kept.  Since  the  results  obtained  by  the  manufacture  in  1675  of  the  experimental  cable  (Iron  A), 
demonstrated  that  the  scrap  heaps  of  the  various  yards  contained  ample  material  which  by  suitable 
work  could  be  transformed  into  excellent  chain  iron  at  slipbt  cost,  trains  of  rolls  bavins  succeeded 
those  of  the  copper  mill,  where  Iron  A  was  produced,  every  bar  rolled  is  expected  to  withstand  the 
most  severe  tests  for  ductility. 


PART    II,  SECTION    II. 
PROOF  STRAINS  FOR  CHAIN  CABLES. 

EFFECTS  BY  THE  USE  OF  THE  STRAINS  PRESCRIBED  BY  THE  ADMIRALTY  PROOF 
TABLE — DISCUSSION  OF  THE  PRINCIPLES  UPON  WHICH  "  PROOF-STRAINS "  SHOULD 
BE  BASED — PROOF- TABLE  CALCULATED   UPON  SUCH  PRINCIPLES. 


A  finished  cable  has  yet  a  final  ordeal  to  undergo  before  it  is  issued 

for  service,  one  which  may  prove  disastrous  to  its  value,  even  if  it  has 

escaped  every  danger  that  has  accompanied  its  manufacture.    It  is  to  be 

"proved,*  which  means  that  each  of  the  fifteen  fathom  "sections*  of 

13  TM      ' 
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which  it  is  composed,  is  to  be  subjected  to  a  tensional  strain  sufficient  to 
make  it  probable  that  the  presence  of  any  very  defective  links  will  be 
made  manifest,  that  they  may  be  removed  and  replaced  by  others. 

As  tension  in  excess  will  probably  injure  the  cable,  it  becomes  a  matter 
of  importance  to  fix  upon  a  strain  for  each  size  which,  while  sufficient  to 
insure  the  detection  of  unduly  weak  links,  will  not  produce  them.  Most 
American  manufacturers  of  cable,  use  for  each  size,  a  stress  which  is  pre- 
scribed by  the  standard  proof-table  of  the  British  Admiralty,  and  their 
cables  are  sold  with  a  guarantee  that  they  have  been  so  proved.  Our 
experiments  lead  us  to  doubt  the  wisdom  of  thus  applying  this  English 
standard  to  measure  American  material.  We  consider  that,  as  applied 
to  cables  made  from  American  bar  iron,  this  standard  is  faulty  in  two 
important  respects. 

First.  The  stress  prescribed  by  it  for  every  size  of  cable  is  too  great. 

Second.  The  stresses  for  the  different  sizes  are  unequal  in  their  pro- 
portion to  the  strength  of  the  links. 

And  we  assign  the  following  reasons  for  these  opinions: 

First.  The  stress  for  all  sizes  is  based  upon  the  assumption  that  the 
cable  bolts  of  all  diameters  possess  a  strength  equal  to  60,000  pounds  per 
square  inch.  Few  bars  of  American  iron  are  equal  to  this  strength,  and 
when  they  are,  their  cost  precludes  their  use  as  cable  iron;  and  as  has 
been  shown  in  the  investigations  by  tension,  although  this  strength 
may  be  found  in  the  small  bars,  it  is  not  found  in  the  large  sizes  of  the 
same  iron. 

Secondly.  If  the  bars  of  all  sizes  did  possess  this  strenth,  the  u  proof " 
is  still  too  great,  for  it  probably  exceeds  by  a  considerable  amount  the 
elastic  limit  of  the  links. 

The  table  as  furnished  to  the  committee  by  two  prominent  manufact- 
urers, viz,  Messrs.  J.  B.  Carr  &  Co.,  of  Troy,  and  Mr.  H.  L.  Fearing,  of 
Boston,  is  herewith  given,  that  the  discussion  which  follows  may  be 
clearly  understood. 

Columns  1  and  2  are  as  furnished  to  us:  No.  3  contains  the  stresses 
calculated  by  a  formula  given. 


Size. 


Column  1. 


Stress  in- 


Tons. 


Pounds. 


Column  2. 


Stress  in — 


Tons. 


Pounds. 


Column  8. 


Stress i 


Tons. 


Pounds. 


18 
20 
28 
20 
28 
80 
34 
87 
41 
44 
48 
62 
66 
60 
64 
68 
72 


40, 820 

44,  800 

61, 620 

58, 200 

62,720 

67, 200 

76, 160 

82,880 

91,800 

98,500 

107, 520 

116,480 

125, 440 

134, 400 

148, 860 

152.320 

161,  '280 


170,200 


18 
20 
28 
26 
29 
31 
34 
37 
41 
43 
48 
51 
66 
59 
64 
68 
72 
76 
8L3 


197,120 


9L1 


40,320 

44, 800 

51, 520 

55,060 

64,060 

69,440 

76,160 

82,880 

91,800 

96, 320 

107, 520 

114.240 

125, 440 

132, 160 

143,360 

152, 33) 

161,280 

171,360 

181, 120 


204,064 


18.00 
20. 32 
22.78 
25.38 
28.12 
81.01 
34.0  J 
87. 22 
40.50 
43.94 
47.53 
51.25 
65.12 
50.05 
63.38 
67.57 
72.00 
76.59 
81.28 
86.13 
91.11 


40,320 
45, 517 
51,030 
50,857 
63,000 
69,457 
70,230 
83,317 
90,720 
98,437 
106, 470 
114, 817 
123.480 
132,275 
141,750 
151,357 
101,280 
171, 517 
lh2,070 
192,937 
201,120 
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The  formula  upon  which  column  3  is  calculated  is  one  embodied  as  a 
rale,  as  follows: 

"For  proof  of  each  size,  square  the  number  of  eighths  of  an  inch  in 
the  diameter  of  the  bar  and  multiply  the  result  by  630,"  the  result  being 
the  stress  in  pounds;  thus — 

1",  8  eighths  squared  =  64,  and  64  x  630  =  40,320  pounds, 

2",  16  eighths  squared  =  256,  and  256  x  630  =  101,280  pounds, 

*iVS  &h  eighths  squared  =  72J,  and  72£  x  630  =  45,517  pounds, 
which  are  the  proof-strains  for  the  above  sizes,  and  all  others  are  calcu- 
lated by  the  use  of  the  same  constant,  630. 

If,  as  has  been  proved  beyond  question  by  bar-tension  tests,  the  dif- 
ferent-sized barsof  the  same  iron  do  not  possess  strength  in  the  propor- 
tion of  their  areas,  the  effect  upon  them  of  strains  which  are  based  upon 
the  assumption  that  they  do,  must  necessarily  be  unequal.  This  table 
so  assumes,  and  we  find  that  through  this  assumption  those  sizes  which 
are  the  most  important,  and  which  have  the  least  proportional  strength, 
viz,  the  large  sizes,  are  by  this  "  proof "  strained  to  a  much  greater  pro- 
portion of  their  actual  strength,  than  are  the  smaller  and  less  important 
cables. 

For  example,  assume  that  two  cables,  one  of  2"  and  one  of  1"  iron,  are 
to  be  proved  by  the  Admiralty  standard.  The  first,  if  made  from  a  fair 
quality  chain-iron,  will  in  the  bar  form  be  equal  to  a  tensile  strain  of 
not  over  52,000  pounds  per  square  inch,  which  will  give  to  the  entire  bar 
a  strength  of  163,300  pounds.  The  probable  strength  of  the  cable  made 
from  this  bar  will  be  not  over  265,600  pounds  (163  per  cent,  of  the  bar's 
strength),  and  it  is  very  probable  that  there  will  be  some  links  which  do 
not  exceed  155  per  cent,  or  252,600  pounds ;  the  Admiralty  proof  (161,280 
pounds)  is  equal  to  over  60  per  cent,  of  the  greater  and  nearly  64  per  cent, 
of  the  lesser  strength. 

The  bars  from  which  the  1"  cable  is  made  will  probably  be  equal  to 
57,000  pounds  per  square  inch,  which  will  give  entire  strength  44,770 
pounds,  and  a  probable  strength  of  cable  of  from  73,000  to  69,300  pounds, 
using  the  same  percentages  as  with  the  2".  The  Admiralty  proof  strain 
for  1"  cable  is  40,320  pounds,  which  is  55  per  cent,  of  the  greater  and 
58  per  cent,  of  the  lesser  strength,  which  shows  that  the  large  cable 
would  be  strained  from  5  to  6  per  cent,  of  its  strength  more  than  the 
small  one. 

Our  experiments  show  that  the  elastic  limit  of  the  large  bars  is  gen- 
erally lower  than  that  of  the  small  ones  of  the  same  iron.  Hence  the 
irregular  effect  of  the  proof-strains  becomes  a  dangerous  one. 

The  practical  and  actual  results  which  we  have  found  to  occur  through 
the  use  of  this  table,  and  which  have  doubtless  occurred  with  many 
cables  proved  by  it,  but  which  have  not  been  found,  are  that  the  stress  is 
so  great  that  it  always  exceeds  the  elastic  limit  of  the  links,  and  fre- 
quently cracks  them. 

A  few  such  results  will  be  given.  Six  sections,  each  5  fathoms  in 
length,  were  made  up  from  a  good  chain-iron ;  three  were  of  1£"  and 
three  of  1|";  all  were  "  proved  v  by  the  Admiralty  table,  and  after  proof 
inspected  in  the  shop;  all  were  "passed77  as  sound,  but  upon  examina- 
tion by  aid  of  a  magnifying  glass  fourteen  of  the  three  hundred  and 
eighty-seven  links  were  found  to  be  cracked. 
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The  following  being  the  history  in  detail  of  the  experiments: 

Experiment  No.  1. 

Material,  Iron  C. 
[Size  of  lint,  If";  Admiralty  proof,  106,470  lbs. ;  original  length  of  Unit,  9";  length  after  proof,  ar.9».4i. 


« 

! 

o 

I 

3 

■§•& 

5! 

n 

03  * 

Elongation  at  stress  of— 

3 

1 

• 

0 

1 

i 

1 

§ 

Bemarka. 

62 

62 
62 

Feet. 
30 

30.1 
80.1 

Pounds. 
64,320 

60,480 
54,680 

Inches. 

8 

9.6 

a4 

Inches. 
10 

12 

12 

Inches. 
12.2 

14.5 

Three  links  cracked,  one  on  the  side  and  two  across 

the  wold. 
Two  link/*  cracked  across  the  weld. 
Three  links  cracked  across  the  weld. 

Experiment  No.  2. 

Material,  Iron  C. 

[Size  of  link,  If;  Admiralty  proof,  91,800  lbs. ;  original  length  of  link,  8" ;  length  after  proof,  av.  8".82.l 


i 

1 

! 

H 

•gi 

a  ,4 

li 

Elongation  at  stress  of— 

§ 

§ 

t 

i 

8" 

Bemarks. 

67 
67 
67 

Feet 
30.2 
80.1 
80 

Pounds. 

48, 000 
48,000 
43,400 

Inches. 
12 
11 
9 

Inches. 
15 
17 
12 

Inches. 

18 
19 
15 

Five  links  cracked  on  weld  end. 
None  cracked. 
One  link  cracked. 

While  making  the  usual  tests  to  destruction  upon  several  other  sec- 
tions of  links,  the  effect  of  various  amounts  of  stress  was  measured  with 
results  as  follows : 

Experiment  No.  3. 

Material,  Iron  C. 

| Size  of  link,  If ;  Admiralty  proof,  123,480  pounds ;  original  length  of  link,  9".75 ;  at  proof,  Av.  9".90; 

at  fracture,  Av.  10".56.J 


i 

Stress  at  first 
stretch. 

Stretch  at  stress  of  pounds. 

.9 

i 

* 
* 

1 

105, 000.     | 

115,000. 

1 
124.000. 

135, 000. 

Fracture. 

1 

i 

1.         2. 

r.    |, 

1.     !    2.     | 

i         ! 

1.     1    2. 

i 

1. 

2. 

1 

1   3  1  .16 

6  1  .39 

7  !  .63 

99,000 

98,000 
103,000 

86,500 
101, 800 

97,000 

.04 
.04 

.17  1 
.56  ; 

!              1              i              1 
.06       .42       .10       .49  ! 

.  07  1    .  80  !     .15     1. 06 

.  06  1  1.  05  ;     .15     1. 44  I 

.  19  j    .  42  i     .21       .  55  [ 
. 07  1     .60  i    . 15  1    . 82  i 
.08  1  1.79  »     .12     2.23 

i ' I 

.17  i    .67 
.20  1  1.36 
.  18  :  1. 93 
.27  ;    .72 
.18  !  1.11 
.  15  i  2. 90 
1 

.81 
.80 
.85 

.77 

--' 

207,400 
190,800 
192.000 
195.800 
193,000 
202, 000 
212. 000 
225, 000 
170,000 
209.000 
171,000 

3  1  .  13 
6     .37 

.10 

.27  1 

(10 

8 

.81 

.06 

L19 



.... 

2d  poll. 
3d  pull. 

' j ; i | I ..... .    --- 

.45 

95,000 

i ! j   ;:  t  ;  ;  I       :;.:;; 

SdpulL 

16 

92,000 

.06 

••:«j 

.08  1    .43         ia  ;     .  »w  ! 

.16  |    .83 

,         • 
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This  lot  was  so  excessively  irregular  in  its  strength  that  its  record 
is  of  little  value,  except  in  showing,  in  two  cases,  the  elevation  of  the  limit 
of  stress,  when  a  second  pull  developed  increased  strength.  The  links 
were  some  of  coarse  granulous,  and  others  of  soft  fibrous  iron,  the  former 
generally  breaking  through  the  weld. 

The  stretch  in  columns  1  is  of  a  carefully  measured  link,  that  in 
columns  2  over  all. 

Experiment  No.  4. 

Material,  Ibox  B. 

[Sis©  of  link,  ltf";  Admiralty  proof;  132,275  ponnds ;  original  length  of  link,  9."&] 


Stress  at  first 
stretch. 

Stretch  at  stress  of— 

A 

h 

Number  of  links. 

Pounds. 

115,000 
pounds. 

125,000 
ponnds. 

135,000 
ponnds. 

145,000 
pounds. 

L 

2. 

1. 

2. 

1. 

2. 

L 

2. 

i  ■■ 

3 

.03 
.03 
.05 

08,000 

89,000 

105,000 

.04 
.06 

.08 

.25 
.64 
1.00 

.07 
.11 
.09 

.34 
.80 
L49 

.08 
.15 
.12 

.45 
1.11 
1.90 

.10 
.21 
.18 

.67 

1.42 
2.36 

225,000 
203,500 

5 

7 

223,  000 

The  material  was  of  a  hard,  coarse  nature,  and  the  bars  had  not  re- 
ceived sufficient  work,  and  in  consequence  were  not  ductile.  The  average 
elongation  at  Admiralty  proof  was  .12",  and  the  proof-strain  was  equal 
to  59  per  cent  and  65  per  cent,  of  the  strength  of  the  strongest  and 
weakest  links. 

Experiment  No.  5. 

Material,  Ibox  B. 
[Sise  of  link,  1ft";  Admiralty  proof,  114,210  ponnds ;  original  length  of  link,  9".l 


Stress  at  first 
stretch. 

Stretch  at  stress  of  pounds. 

A 

u 

•1 

1 

3 

g-?  £  Ponnds. 

76,800. 

86,400. 

96,000. 

105,600. 

115, 200. 

124,800. 

a 

s 

L 

2. 

L 

2. 

1. 

2. 

1. 

2. 

1. 

2. 

L 

2. 

2 
2 
2 
2 
3 

.03 
.03 
.03 

.03 

67,200 
73,600 
68.600 
71,000 
90,200 

02  IftO 

.04 
.03 
.05 
.02 

.08 
.09 
.09 
.04 

.06 

.07 
.08 
.05 

.12 
.15 
.10 
.11 

.11 
.11 
.12 
.08 
.04 

.22 
.21 
.23 
.15 
.26 

.16 
.16 
.17 
.13 
.07 
.05 
.07 

.31 
.82 
.35 
.25 
.38 
.54 
.88 

.25 
.23 
.25 
.18 
.14 

.50 
.46 
.50 
.36 
.58 
.85 
1.28 

'"iff 

.12 
.16 

'"."84" 
1.20 
1.77 

202, 6f0 
190,000 
214, 000 
204, 500 
204,  500 

5 

197, 000 

7 

.03  |    04,000 

196,000 

The  material  was  the  same  as  in  the  previous  experiment,  but  the  bars 
showed  evidence  of  having  received  more  work.  At  the  Admiralty  proof- 
stress  the  average  elongation  of  the  links  was  nearly  .18",  and  its  pro- 
portion of  the  strength  of  the  strongest  and  weakest  sections  was  53.3 
per  cent,  and  58  per  cent. 
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Experiment  No.  6. 
Material,  Iboh  B. 
[Size  of  link,  W;  Admiralty  proof,  83,317  pounds;  original  length  of  link,  8".25.] 


1 

1 

Stress  at  first 
stretch. 

Stretch  at  stress  of  pounds— 

jr. 

ifl 
Hi 

67,200. 

76,800. 

86,400. 

96,000. 

11 

1 

L 

2. 

L 

2, 

L 

2. 

L 

2. 

3 
3 
3 

.03 
.05 
.05 
.03 
.05 

"Voi" 

.03 
.03 
.09 
.05 

61,500 
63,500 
67,200 
74,000 
68,000 
75,000 
62,600 
59,500 
58,500 

.05 
.05 

.20 
.16 

.10 
.06 
.07 
.05 
.07 
.06 
.07 
.14 
.12 

.37 
.81 
.23 
.29 
.87 
.26 
.80 
1.40 
1.81 

.21 
.13 
.11 
.10 
.14 
.09 
.15 
.21 
.26 

.56 

.51 

.43 

.36 

.57 

.38 

1.40 

2.17 

4.01 

.28 
.21 
.20 
.12 
.20 
.17 
.25 
.31 
.28 

.88 
.75 
.03 
.65 

.ge 

1.09 
2.16 
8.12 
4.38 

145,000 
140,  OC0 
157, 000 

8 

15*,  000 

8 

138,000 

ft 

131,000 

7 

148,000 

10 

13",  500 

C  15 

137,  300 

< 

*132,000 

\ 

*147, 000 

*  Second  and  third  polls  on  parts  of  same  section. 

Material  nominally  the  same  as  in  the  previous  experiments,  Nos.  4 
and  5,  but  it  was  considered  probable  that  a  portion  of  the  1-jV'  bars 
were  not  of  the  same  manufacture  as  the  rest,  some  being  hard  aud  brittle, 
others  fibrous,  ductile  iron.  At  Admiralty  proof  the  elongation  averaged 
nearly  .16",  and  its  proportion  of  the  strength  of  the  strongest  and  weak- 
est links  was  52 J  per  cent,  and  63  per  cent. 

Experiment  No.  7. 

Material,  Ison  B. 

[Size  of  link,  1£" ;  Admiralty  proof,  83,317  pounds ;  original  length  of  link,  8".  25.) 


1 

1 

Stretch  over  all  at 

it 

1     4 

t 

Stretch  over  all  at 

e« 

Sf 

I* 

as 

stress  of pounds— 

m3 

i  " 

m 

stress  of  pounds— 

5* 

o 

©  • 

1 

78,500 

85,500 

« 

!  * 

78,500 

85,500 

(4 

Pound*. 

Pounds. 

• 

Pounds. 

Pounds. 

1 

75,300 

.06 

.13 

150,000 

i    2 

62,600 

.05 

.12 

154,500 

1 

76.800 

.12 

.12 

153,000 

2 

63,300 

.09 

.13 

144,000 

1 

67.000 

.11 

.18 

162,000 

1      5 

68,000 

.09 

.13. 

154,000 

2 

75,000 

.06 

.12 

154,700 

1      5 

64,300 

.05 

.14 

143,000 

Material  the  same  as  in  experiments  4, 5,  and  6.  The  average  elonga- 
tion at  proof  was  .13",  and  the  proof-strains  proportion  of  the  strength 
of  the  strongest  and  weakest  links  was  51.4  per  cent,  and  58  per  cent. 
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Hatkbial,  Iboh  B. 
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i 

O 

s 

55 

i 

*  . 
1 

3 

Stretch  produced  in  single  links  at  stress  of— 

1. 

It 

i 

i 

& 

§ 

i 
§ 

5 

i 

tf 

i 

i 

t 

i 
if 

& 

§ 

* 

• 

I 

* 

1 
§ 

i 

i 

i 

S 

i 

J 

1 

2" 

i 

§ 

H 
it 

N 

6.4 
7.0 
8.1 
0.0 
9.9 
11.0 
11.2 

.07 
.06 

.10 

.09 

.16 
.11 
.06 

.21 
.15 
.10 

10 

•  12 

.15 

.16 

".07* 

".'ii' 

"."ii" 

.09 
.07 
.07 

""."22 

.15 
.13 
.09 

'".'so 
.10 

.15 

.12 

.16 

if 

.  17 

{ 

.25 
.19 
.16 

"Vie" 
.22 

.18 

i 

.22 

iff 

Experiment  No.  9. 

Ibon  A,  2". 

[Admiralty  proof,  72  tons.] 

Eleven  sections  of  this  cable,  each  15  fathoms  long,  were  measured  $t 
stated  intervals  while  being  proved.  The  cable  made  from  this  iron 
was  of  the  best,  in  its  power  of  resistance  to  strains  of  all  natures,  yet 
it  could  not  resist  without  probable  injury,  the  strain  of  the  Admiralty 
proof,  as  shown  below. 


i 

I1 

CO 

1 
Permanent  elongation  at  stress 
of— 

i 

1- 

0 

i. 
si 

r 

Permanent  elongation  at  stress 
of— 

2* 

I 

56  tons. 

60  tons. 

64  tons. 

68  tons. 

56  tons. 

00  tons. 

04  tons. 

68  tons. 

1 

Pounds. 

Ft.  in. 
2    8 
2    6 
2    6 
2    1 
2    8J 
21$ 

Ft.  in. 
3    5 
8    6 
8    74 
2    7* 
2    9 
2  11 

FLin. 

8    7i 

FLin. 
4   8ft 

7 
8 
9 
10 
11 

Poi*7Hfr. 

Ft.  in. 
2    U 
1    9 

1  »* 

2  24 
2 

Ft.  in. 
2    64 
2    4* 
2    4| 
8 
2    84 

Ft.  in. 

FLin. 

2 

s 

104,600 
112,300 
108,400 

4 

6 

6 

At  CO  tons'  stress  125  links  from  different  portions  of  different  sections 
were  carefully  measured,  and  had  stretched  from  .13"  to  .16",  averaging 
nearly  .15". 

In  the  test  of  the  fourth  section,  which  at  56  tons  had  stretched  less 
than  either  of  the  preceding,  it  was  determined  to  carry  the  proof  still 
farther,  and  4  tons  of  stress  were  added,  which  iucreased  the  elongation 
very  little  (about  24  per  cent.) ;  another  4  tons  increased  it  over  70  per 
cent.,  and  still  another  added  increased  the  elongation  at  56  tons  over 
130  per  cent.,  which  shows  that  even  a  slight  addition  to  a  stress  already 
too  great  produces  very  disproportionate  effects.    . 

We  did  not  think  it  advisable  to  risk  injury  to  the  cable  by  applying 
the  4  additional  tons  necessary  to  prove  it  by  the  Admiralty  standard. 
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In  tbe  following  table  the  strength  of  the  strongest  and  weakest  links 
made  from  several  of  the  best  of  the  chain-irons  we  have  examined  is 
given,  with  the  ratio  borne  to  such  strength  by  the  Admiralty  proof- 
strains  for  the  sizes; 


Strength  of  large  links. 

Admiralty  proof 
percentage  of— 

Strength  of  small  links. 

Admiralty  proof 
percentage  of— 

lion. 

I 

i 

I 

) 

■4 

s, 

1 

1 

J 

n 

1 
1 
•i 

1 

i 
I 

00 

1 

1 

i 

09 

) 

A 

In. 
2 
11 
IS 
11 

4 

lg 

Pounds. 
283. 000 
2!ll,  300 
21",  000 
215,  600 
225, 700 
237, 000 
23J_  000 

Pounds. 
248, 000 
101, 000 

67.0 
.  53.0 
66.0 
66.0 
63.3 
60.0 
60.8 

65.0 
64.0 

Pounds. 
72, 070 
96,060 
70.200 
67,600 
8\600 
68.000 
122,100 

Pound*. 
69,600 
74, 488 

55.5 
52  5 
51.3 
59.0 
60.0 
59.3 

58 

c 

65 

D 

F 

N 

0 

p 

51.2 

Average. 

1 

61.0  1        fiJ-& 

55.6  1          fil.S 

1 



Convinced  by  the  evidence  which  has  been  given,  that  proving  Amer- 
ican cables  by  this  standard  was  a  fruitful  source  of  weakened  cablet*, 
we  were  also  aware  that  in  recommending  that  it  should  be  uo  longer 
used,  we  should,  if  the  advice  was  followed,  deprive  manufacturers  of 
good  cables  of  a  safeguard  against  competition  by  those  who  might, 
unchecked,  use  very  inferior  iron.  We  have  therefore  considered  it 
essential  that  we  should  provide  a  substitute  which  would,  in  our  judg- 
ment, prescribe  strains  which  would  fully  prove  cables  and  not  be  liable 
to  injure  them.  We  submit  such  a  table,  which  is  based  upon  the  two 
principles,  that  a  proof-strain  should  not  greatly  exceed  the  elastic  limit, 
and  that  the  strength  of  a  cable  is  equal  only  to  that  of  its  weakest  liuk. 
In  the  preparation  of  this  table  it  was  first  necessary  for  us  to  establish 
within  reasonable  limits  the  probable  maximum  and  minimum  strength 
of  cables  of  various  sizes,  and  the  elastic  limit  of  the  links.  Neither  of 
these  factors  can  be  fixed  definitely;  there  are  many  causes  which  tend 
to  produce  great  differences  both  in  the  strength  and  elastic  limit  of 
links  made  from  the  same  bar.  The  most  important  of  these  causes  is 
the  liability  of  the  welds,  which  at  the  best  are  the  weak  spots  of  all 
links,  to  lack  uniformity,  and  no  rules  can  be  given  which  will  insure 
uniform  work  from  a  number  of  chain-welders.  We  were  therefore  com- 
pelled to  base  our  table  upon  data  which,  at  the  best,  could  be  consid- 
ered as  but  indicating  probabilities.  Assuming  as  a  standard  of  perfec- 
tion the  characteristics  of  a  bar  which,  when  made  into  a  liuk,  should 
develop  twice  the  original  strength  of  the  bar,  we  considered  that  the 
iron  which  approached  most  closely  and  with  uniformity  this  standard 
was  that  which  should  be  considered  as  the  most  suitable  for  cables. 
We  have  the  records  of  the  strains  at  which  a  large  number  of  bare  iu 
their  normal  condition  were  ruptured  by  tension,  and  of  many  sections  of 
cable  made  from  them,  which  are  incorporated  in  the  "Tables  of  compar- 
ative action  of  bars  and  links."  From  these  tables  we  have  made  the 
following  abstracts,  which  enable  us  to  arrive  at  conclusions  as  to  tbe 
probable  strength  of  cables  made  from  irons  varying  in  characteristics: 
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Primarily,  we  consider  that  the  value  of  an  iron  for  chain  manufacture 
is  not  to  be  measured  by  the  strength  of  the  links,  unless  this  strength 
is  found  to  be  uniformly  maintained,  throughout  a  series  of  tests,  for  we 
find  that  those  irons  which  furnished  the  strongest  liuks  in  nearly  every 
case  furnished  also  the  weakest,  their  welding  properties  being  generally 
defective;  for  although  the  portions  of  the  links  which  have  not  been 
subjected  to  forging  are  very  strong,  in  each  link  there  is  a  probable 
very  weak  spot  caused  by  a  defective  weld. 

We  have  the  comparative  records  of  210  sections  of  cables  broken  by 
tension,  which  were  made  of  fifteen  different  irons.  Assuming  that  the 
utmost  strength  which  can  be  found  in  a  link  is  equal  to  200  per  cent,  of 
that  of  the  bar  from  which  it  was  made,  we  have  a  standard  by  which 
to  compare  the  irons,  and  establish  their  relative  value.  Examining  the 
abstracts  by  this  standard,  we  find  that  36  sections  developed  over  170 
per  cent,  of  the  bar's  strength.  22  of  them  exceeded  175  per  cent.,  9  ex- 
ceeded 180  per  cent,  and  1  only  exceeded  185  per  cent. 

On  the  other  hand,  67  sections  developed  less  than  155  percent.,  leav- 
ing 107,  or  over  50  per  cent,  of  the  series,  which  developed  between  155 
and  170  per  cent,  of  the  bar's  strength,  and  of  these  the  average  develop- 
ment was  163  per  cent. 

The  210  sections  of  various  irons  can  be  reduced  to  143  sections  of 
iron  which  may  be  considered  as  more  or  less  suitable  for  cable,  by  elimi- 
nating the  records  of  the  67  sections  which  were  broken  at  less  than 
155  per  cent  of  the  bar's  strength,  and  at  once  deciding  that  they  have 
no  claim  to  be  considered  as  having  been  made  from  suitable  chain-iron. 

This  we  can  do  in  many  cases  and  assign  good  reasons ;  24  sections 
were  made  from  an  iron  (M)  in  which  analysis  demonstrated  that  phos- 
phorus, copper,  nickel,  and,  in  some  cases,  chromium  occurred,  and  pos- 
sibly reduced  their  welding  values  as  all  the  "  low  breaks"  of  this  iron 
occurred  "  through  the  weld";  8  were  made  from  iron  K,  in  which  car- 
bon was  high,  and  10  from  irons  Fa?  and  P,  which  were  known  to  have 
been  overworked,  leaving  but  22  such  percentages  to  be  assigned  to  the 
chapter  of  accidents.  From  which  data  we  conclude  that  bars  of  fairly 
good  chain-iron  will  produce  links  whose  strength  will  be  not  less  than 
155  per  cent.,  and  not  over  170  per  cent.,  and  that  by  a  series  of  tests,  an 
average  of  not  less  than  163  per  cent.,  made  up  of  fairly  uniform  factors, 
should  be  expected.  In  such  a  series  of  tests  an  occasional  "favored" 
weld  may  produce  an  unusually  strong  link  or  a  defective  weld  a  very 
weak  one.  By  the  record  of  these  the  workmanship  should  be  judged, 
and  not  the  iron,  if  the  records  of  the  other  links  indicate  by  their  uni- 
formity that  the  fault  is  not  in  the  iron. 

We  have,  therefore,  adopted  for  our  standard  of  strength  and  welding 
qualities  com  bihed,  170  per  cent,  of  the  strength  of  the  bar  for  a  maximum , 
163  per  cent,  for  an  average,  and  155  per  cent,  for  a  minimum.  Iron  which 
in  the  link  form  develops  the  average,  by  results  which  do  not  vary 
greatly,  we  consider  it  to  be  suitable ;  that  which  falls  below  the  average 
or  produces  it  by  very  irregular  factors,  we  consider  as  unsuitable. 

It  remains  to  decide  upon  the  strength  of  bar,  which  will  most  prob- 
ably produce  links  which  will  develop  the  largest  and  most  uniform 
percentages.  Our  records  again  supply  the  required  data.  We  find  the 
irons  A,  B,  O,  and  F,  which  were  low  in  tensile  strength,  sustained  the 
process  of  manufacture  into  links  with  less  loss  of  strength  than  did  other 
irons  which  exceeded  in  this  respect,  and  with  all  of  the  series  excess 
of  tensile  strength  was  accompanied  by  deficiency  in  strength  and  uni- 
formity as  cables. 
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Order  of  precedence  of  fourteen  irons  in  tensile  strength  and  resistance  to  impact  as  bars,  and 
in  welding  value  as  measured  by  strength  and  uniformity  as  links. 


1. 

2. 

3. 

4. 

5. 

6. 

7, 

8. 

9. 

10. 

1L 

12. 

13. 

14. 

Tensile  strength 

Resistance  to  impact. 
Welding  value 

L 

A 

A 
B 

Fx  3 

D2 

F*l 

O 

C2 

F 
0 

P* 

M 

F 

P 
D2 
D2 

P 

C2 

Fx3 

Fxl 
P* 

C 

P* 
B 

F*3 
P 

B 
M 

F*l 

A 
K 

F 

N 
K 

0 

L 

L 
M 

The  great  tensile  strength  of  L  (66,000  pounds),  and  of  K  (58,226 
pound8)?  while  giving  them  the  highest  numbers  as  bars  under  tension 
alone,  did  not  prevent  their  taking  very  low  rank  when  tested  as  cable 
and  by  sudden  strains.  While  with  irons  A  and  O,  with  average  ten- 
sile strength  of  52,000  pounds,  the  result  is  reversed,  the  percentage  of 
the  bar's  strength  developed  by  the  links  of  the  four  irons  were  of  L 
150  per  cent,  irregular;  of  K,  151  per  cent,  irregular;  of  A,  168  per 
cent,  and  0, 166  per  cent.,  both  regular. 

We  have,  therefore,  guided  by  the  evidence  of  which  the  above  is  a 
type,  decided  upon  adopting  a  low  tensile  strength  as  a  probable  indica- 
tion of  high  welding  value,  and  as  shown  by  the  relative  order  as  judged 
by  the  power  of  resisting  sudden  strains,  of  great  resilience. 

In  selecting  the  low  tensile  strength,  we  did  not  decide  arbitrarily  in 
favor  of  the  precedence  which  should  be  given  to  the  percentage  of  bars' 
strength  develojied  by  links.  We  find  that  in  many  cases  the  actual 
strength  of  the  links  made  from  the  bars  of  low  tensile  strength  equals 
and  exceeds  that  of  others  from  much  stronger  bars. 

For  example,  iron  K  2"  bar,  tensile  strength  58,900  pounds;  strength 
of  links,  258,900  pounds. 

Iron  A,  tensile  strength  2"  bar,  50,171  pounds ;  strength  of  link, 
265,000  pounds. 

Iron  D,  tensile  strength  2"  bar,  51,152  pounds;  strength  of  link, 
276,500  pounds. 

Iron  F,  tensile  strength  2"  bar,  48,956  pounds;  strength  of  link, 
268,750  pounds. 

And  our  records  supply  many  more  instances  where  the  strength  of 
links  made  from  iron  of  low  tenacity  exceeds  that  of  others  of  the  same 
size  made  from  stronger  bars,  and  in  nearly  all  cases  the  percentages  of 
the  bars'  strength  are  greater  and  more  uniform.  We  have,  therefore, 
decided  upon  recommending  for  cable  manufacture  iron  of  this  character, 
aware  that  in  so  doing  we  will  come  in  contact  with  a  widely  spread  and 
deeply  rooted  prejudice  in  favor  of  the  *trong  bar  as  best  adapted  to 
make  strong  links,  as  it  undoubtedly  would  be  were  it  not  that  great 
strength  in  the  direction  of  the  fiber  is  not  often  found  to  exist  except 
through  the  effect  of  a  great  amount  of  work,  which  will  cause  the  iron 
to  be  too  expensive  for  cable  iron,  or  through  the  presence  of  various 
chemicals  which  increase  tenacity  at  the  expense  of  welding  properties, 
thus  unfitting  it  for  use  as  cable  iron. 

We  consider  that  our  experiments  justify  us  in  recommending  as  a 
suitable  strength  for  a  2"  bar  of  chain  iron  a  mean  between  the  margins 
found  to  exist  in  those  bars  whose  record  both  in  bar  and  link  form  has 
been  just  given ;  and  as  the  links  of  iron  D,  with  tensile  strength  51,152 
pounds,  and  of  iron  F,  with  48,956  pounds,  were  equally  good  and  strong, 
we  adopt  their  mean  of  50,000  pounds.    And  we  find  that  iron  A,  which 
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possesses  nearly  the  medium  strength  as  a  bar  (50,171  pounds),  produces 
cable  which  is  remarkably  strong  and  uniform. 

Considering,  then,  that  an  iron  is  suitable  which,  as  a  2"  bar,  has  a 
strength  of  50,000  pounds  per  square  inch,  and  that  other  irons  whose 
variations  from  this  strength  does  not  exceed  5  per  cent,  are  equally  so, 
we  have,  in  determining  the  strength  for  the  other  sizes,  to  avail  our- 
selves ot  the  information  procured  in  the  investigation  of  the  action  of 
the  rolls;  which  is,  in  brief,  that  the  proportional  strength  of  bars  ot 
the  same  mateiial  increases  as  the  diameter  decreases,  and  that  the 
aggregate  of  the  increase  for  the  sixteen  sizes  (measuring  by  sixteenths 
ot  an  inch,  between  2"  and  1")  is  from  4,000  to  6,000  pounds,  produced 
by  steps  which  are  made  more  or  less  irregular  by  irregularities  in  heat- 
ing the  p:les. 

Using  the  mean  of  the  aggregate  of  increase  of  our  best  and  most 
uniform  irons,  we  find  that  the  strength  per  square  inch  of  a  bar  of  1" 
diameter  is  about  5,600  pounds  greater  than  that  of  the  2",  and  that  if 
the  2"  bar  is  equal  to  50,000  pounds,  it  is  probable  the  1"  will  be  equal 
to  55,600  pounds. 

Examining  this  factor  by  comparison  with  actual  results,  as  in  the 
case  of  the  2",  we  find  that  it  may  be  considered  as  a  very  suitable 
strength,  subject  to  the  variation  of  5  per  cent,  as  in  the  first  case, 
which  gives  from  53,000  to  58,000  pounds  as  a  suitable  strength  for  the 
1"  bar.  From  our  records,  we  find  that  the  1"  bar  of  iron  A,  with  ten- 
sile strength  54,690  pounds,  produced  cable  equal  to  69,600,  71,700,  and 
72,700  pounds;  iron  F,  tensile  strength  51,900  pounds,  cable  equal  to 
67,600  pounds;  while  iron  P,  with  tensile  strength  of  58,000  pounds,  as 
cable  broke  at  60,400  pounds.  We  tested  but  comparatively  few  links 
of  1",  but  the  comparison  of  the  1  £",  of  which  we  tested  a  number,  shows 
the  failure  of  an  excess  of  tensile  strength  to  benefit  the  links.  Iron  A, 
with  tensile  strength  53,700  pounds,  making  links  equal  to  89,000 
pounds;  iron  F,  with  tensile  strength  of  53,000  pounds,  as  links  broke 
at  86,000  pounds;  while  K,  with  60,500  pounds,  and  D,  with  59,500, 
broke  at  84,500  and  87,500  pounds. 

It  was  necessary  to  connect  these  strengths  assigned  to  the  extremes 
by  a  series  of  successively  increasing  factors,  the  aggregate  of  which 
should  equal  5,600  pounds.  No  system  by  which  this  could  be  done  with 
certainty  presented  itself,  but  it  was  evident  that  a  uniform  coefficient 
of  increase  for  each  of  the  sixteen  reductions  could  not  be  used,  as  the 
difference  in  strength  produced  by  variations  in  reductions,  changed 
much  less  rapidly  than  did  that  in  the  entire  strength  of  the  various- 
sized  bars  produced  by  variations  in  diameter.  We  considered  that  this 
difference  was  greater  in  proportion  to  the  entire  strength,  as  the  latter 
became  less  through  decrease  of  area,  and  we  therelore  calculated  a 
ratio  which  produced  a  constantly  increasing  coefficient  to  be  applied  as 
the  diameters  decreased,  with  results  as  follows,  each  of  which  results 
is  the  correction  to  be  added  to  the  strength  per  square  inch  of  any  size 
in  order  to  obtain  that  of  the  size  tV'  less  in  diameter.  Starting  with 
50,000  pounds  as  the  strength  of  the  2",  we  add  245,  2r>3,  262,  273,  284, 
296,  309,  323,  339,  357,  376,  398,  423,  451,  484,  and  523  pounds  for  each 
reduction  of  ■&  of  an  inch  in  diameter,  by  which  we  arrive  at  a  strength 
per  square  inch  for  each  size  which  agrees  closely  with  that  found  in 
the  best  and  most  uniform  chain  irons.  The  latter,  however,  being 
exposed  to  constant  chances  of  irregularities  from  many  causes,  cannot 
be  expected  to  coincide  in  strength  very  closely  with  any  calculated 
table. 
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Using  the  above  factors  of  correction,  we  obtain  the  following  table: 

Probable  strength  of  round  bare,  calculated  with  an  allowance  for  variation  in  strength  due 

to  variation  in  diameter. 


Size  of  bar. 


Strength  of  bar. 


Per  square 
inch. 


Coefficient 
of  increase. 


Of  entire 
bar. 


Inches. 
2 

HI 

if 

fc::::::::::::::::::::::::::::::: 
U'::::::::::::::::::::::::::::::::: 
£::::::::::::::::::::::::::::::::: 
J?::::::::::::::::::::::::::::::::: 
#::::::::::::::::::::::::::::::::: 
tf:::::::::::::::::::::::::::::::::; 
ft:::::::::::::::::::::::::::::::::: 


Pounds. 

50,000 
245 
496 
760 

61,033 
317 
613 
922 

52,245 
584 
941 

58,317 
715 

54,1S8 
589 

55,073 
500 


Pounds. 
245 
253 
262 
273 
284 
296 
309 
323 
339 
857 
376 
398 
423 
451 
484 
623 


Poundt. 
157,080 
148, 137 
K»9, 430 
130.966 
122, 745 
114,770 
107,  (M0 
89.5G0 
92,322 
85,339 
78,607 
72,133 
65,914 
'69,958 
64,261 
48,800 
43,665 


Accepting  this  rate  of  increase  of  strength  as  one  which  approximates 
to  the  actual  increase  of  tenacity  of  iron  bars  of  decreasing  diameter, 
we  have  used  it  in  the  calculation  of  our  proof- table.  As  this  is  the 
basis  upon  which  the  table  is  constructed,  the  following  evidence  is  sub- 
mitted, by  which  it  may  be  seen  that  by  the  use  of  the  corrections  a  more 
correct  estimate  can  be  made  of  the  strength  of  a  bar  of  any  diameter 
than  by  the  assumption  that  the  tensile  strength  of  all  diameters  is  equal. 
The  comparison  of  the  strength,  as  found,  of  a  large  number  of  bars  of 
various  irons  and  sizes  with  that  calculated  proves  that  our  corrections 
are  not  far  out.    (See  table,  page  94.) 

A  few  examples  will  be  given,  which  show  conclusively  that  by  means 
of  the  corrections  for  variation  in  diameter  given  in  the  table  the  strength 
of  a  bar  of,  say,  2",  can  be  closely  estimated  from  the  data  furnished  by 
the  test  of  a  1"  bar.  Selecting  irons  A,  F,  O,  and  P,  which  were  quite 
uniform,  the  strength  of  the  2"  bars  was: 

Actual  strength A  157,630  lbs.,  F  150,413  lbs.,  0151,597  lbs.,  P  159,720  lbs. 

Calculated  with  correction ....  A  154,100  lbs.,  F  151,346  lbs.,  0 148,989  lbs.,  P  163,800  lbs. 
Calculated  without  correction .  A  181,836  lbs.,  F  163,136  lbs.,  0 166,635  lbs.,  P  181,600  lbs. 

The  latter  process  involving  an  overestimate  of  from  12,700  to  24,200 
pounds,  which  error  is  reduced  in  two  cases  by  the  use  of  the  corrections 
to  an  overestimate  of  4,080  and  933  pounds,  and  in  others  to  an  under- 
estimate of  3,448  and  2,608  pounds.  Had  the  strength  of  the  links  of 
the  2"  been  calculated  from  the  erroneous  strength  of  the  bar,  the  error 
would  have  proved  much  more  serious,  as,  for  instance,  with  iron  A, 
using  170  per  cent.,  103  per  cent.,  and  155  per  cent,  of  the  strength  of 
the  bar  for  the  maximum,  average,  and  minimum  strength  of  links,  the 
strength*  compared  with  that  actually  found  would  be  as  follows :  Calcu- 
lated maximum,  311,121  pounds;  average,  296,346  pounds;  minimum, 
281,850  pounds.  By  test,  the  actual  strength  was,  maximum,  283,200 
pounds;  average,  264,000  pounds ;  minimum,  244,000  pounds. 
The  following  table  has  been  prepared,  in  which  the  average  strength 

•The  factors  of  increase  representing  the  variation  due  to  variation  in  area,  plus 
correction  for  variation  of  effect  of  rolls. 
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of  such  bars  as  have  produced  good  cables  is  placed  in  contrast  with  the 
strength  called  for  by  the  calculated  table: 

Comparison  of  calculated  with  actual  strength  of  bars. 


Siseofbar. 


Indus. 
2 

liEE 

fc::::::::::: 
£:::::::::::: 


Strength. 


Pound*. 

157, 080 

148,137 

139, 430 

130,066 

122, 745 

114. 770 

107,040 

90,500 

92,322 

85,339 

78,607 

72,133 

65,914 

59,958 

54,261 

48,800 

43,665 


*3 


Pound*. 
157,580 


Pound*. 
500 


141, 120 
131, 975 
124,580 
115, 690 
108,800 


93,358 
85,000 
79, 311 
74,505 
66,7'24 


54,570 


44,126 


I 

p 


1,690 
1,1)09 
1, 835 
920 
1,760 


1,036 
339 
704 

2,372 
810 


461 


%i 


Irons  represented  m  avenges. 


II 


34 
12 
27 
94 
106 

**20 

"26 


Name  of  irons. 


A,C,D,E,F,F*,M,0,P. 

Same  as  2". 

B,C,E,G,H. 

A,  C,  D,  E.  Fa,  G,  H,  J,  F,  0,  N,P,  M 

B.C.G.E. 

A,C,D,EtF,F»,G,H,J,0. 

Same  an  If7. 

B,C,E,G.H,P. 

A,C,D,JS,F,FxfM'lOlP. 

Same  as  If7'. 

Same  as  lg". 

A,DfF,F*,0,P. 


Having  thus  fixed  upon  a  suitable  strength  for  each-sized  bar,  we 
deduce  the  probable  strength  of  cables  made  from  them  by  the  aid  of 
the  percentages  of  the  bar's  strength  which  we  have  found  will  probably 
be  developed  by  the  links  as  indicated  by  those  found  in  such  irons  as 
we  have  examined. 

In  this  table  of  strength  of  links  it  is  considered  that  no  iron  should 
be  expected  to  possess  in  link  form  over  170  per  cent,  of  the  bar's  streugth, 
and  that  no  suitable  chain-iron  should  possess  less  than  155  per  cent,  of 
the  same;  and  that  the  average  strength  of  a  number  of  tested  sections 
should  not  be  less  than  163  per  cent.,  such  average  to  be  made  from  fairly 
uniform  factors. 

Probable  strength  of  cables,  made  from  bars  with  strength  corresponding  to  that  given  in  table. 


Strength  of— 


Size  of  bar. 


Bars. 


Strength 

of    entire 

bar. 


Maximum,    Average, 

170  per  103  per 

cent  of  bar  cent  of  bar. 


Chain  links. 


Minimum, 

155  per 
cent  of  bar. 


Pounds. 

157,080 

148,137 

139,430 

130,966 

122, 745 

114,770 

107, 040 

99,560 

92,322 

85,839 

78,607 

72, 133 

65,914 

69,958 

64,261 

48,800 

43,665 


Pounds. 
267, 036 
251,  a33 
237,031 
222,642 
208,666 
195, 109 
181,968 
169,250 
156, 947 
145,  076 
133,632 
122, 626 
112, 054 
101, 929 
92,244 
82,960 
74,230 


Pounds. 

256,040 

241,463 

227, 271 

213,475 

200,  074 

187,  075 

174,475 

162,283 

150.485 

139, 103 

128, 129 

117,  577 

107,440 

97,731 

88,445 

79,544 

71, 172 


Pounds. 
243,474 
229,612 
216, 116 
202,997 
190,255 
177,894 
165, 912 
]  54, 318 
143,099 
132,275 
121, 842 
111,806 
102, 167 
92,936 
84,105 
75,640 
07,681 
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It  is  very  probable  that  in  every  finished  cable  there  will  be  some  links 
introduced  the  strength  of  which,  although  not  less  than  the  minimum 
of  the  table,  will  be  considerably  below  the  maximum,  and  furnish  the 
lower  factors  from  which  the  averages  are  produced;  and  it  is  also 
probable  that,  through  defective  welds,  there  may  txB  a  few  links  whose 
strength  is  even  less  than  the  minimum.  A  proof-strain  should  not  be 
so  great  that  its  application  will  have  a  tendency  to  reduce  the  strength 
of  the  first-named  class  to  that  of  the  second,  nor  should  it  be  so  slight 
that  links  of  the  second  class  will  be  so  slightly  affected  that  their  exist- 
ence is  not  made  manifest. 

We  cannot  adopt  a  safer  strain  than  one  which  approximates  to  the 
elastic  limit  of  the  link,  and  the  link  whose  elastic  limit  we  should  adopt 
is  the  weakest  one  which  will,  after  proof,  remain  in  the  cable. 

We  have  endeavored  to  ascertain  by  actual  experiment  the  elastic 
limit  of  many  of  the  links  that  we  have  broken.  We  have  found  that, 
as  with  the  strength  of  the  link,  this  factor  can  at  the  best  be  but  ap- 
proximated, but  consider  that  the  proportions  found  to  exist  between 
the  limit  of  elasticity  and  the  strength  of  the  round  bars  from  which 
the  links  are  made  furnish  us  with  a  maximum  beyond  which  we  cau- 
not  expect  that  of  the  link  to  be  found.  We  have  found,  by  a  great 
number  of  tests  of  bars  in  their  normal  condition,  that  the  elastic  limit 
of  good  cable  iron  is  about  57  per  cent,  of  its  ultimate  strength.  (See 
record  of  bar-tests.) 

The  process  by  which  the  links  are  manufactured  undoubtedly  changes 
both  the  strength  and  elastic  limit  of  the  portion  upon  which  the  welds  are 
made;  the  extent  of  this  change  we  have  no  means  of  knowing,  and  so 
irregular  are  the  processes  of  manufacture  that,  if  accurately  ascer- 
tained in  regard  to  a  tested  link,  the  data  would  be  of  no  value  in  esti- 
mating its  extent  in  the  case  of  another. 

We  are  therefore  $gain  reduced  to  probabilities.  Generally,  the 
elastic  limit  of  material  is  coincident  with  the  first  perceptible  perma- 
nent change  of  form  produced  by  stress.  With  a  chaiu-link  tbis  cannot 
be  accepted  as  correct,  as  through  various  causes  the  form  of  the  liuk 
may  change  at  a  stress  not  great  enough  to  produce  change  in  the 
atomic  relations  of  the  material.  Still,  this  first  change  of  form  indi- 
cates an  approach  to  this  limit,  and  we  have  carefully  observed  it  in  the 
test  of  many  links,  and  find  that  with  such  irons  as  A,  B,  C,  F,  l\r,  and 
others  considered  suitable  for  cable,  the  percentage  of  the  stress  which 
will  break  the  cable,  at  which  the  elongation  can  be  observed  and  meas- 
ured, is  about  44  per  cent.,  and  that  this  percentage  exists  with  consid- 
erable regularity,  so  much  so  that  we  feel  justified  in  assuming  it  as  the 
nearest  approximation  to  the  elastic  limit  of  the  liuk  that  can  be  de- 
duced from  our  experiments.  But  we  believe,  for  several  reasons,  that 
in  most  cases  it  is  too  low  a  percentage;  first  of  which  is,  that  through 
badly  fitting  studs,  many  links,  during  the  beginning  of  an  increasing 
stress,  may  be  considered  as  open  or  unstudded  ones,  and  the  "  first 
stretch"  is  produced  by  a  slight  closure  of  the  sides  upon  the  stud;  and 
open  links  begiu  to  stretch  at  a  much  lower  stress  than  studded  ones. 
It  is  probable  that  a  mearf  between  the  ratios  of  the  ultimate  strength 
at  which  the  material  in  bar  form  begins  to  stretch,  viz,  57  per  cent., 
and  that  at  which  the  links  first  elongate,  viz,  44  per  cent.,  will  give  as 
nearly  the  probable  elastic  limit  of  the  link  as  can  be  obtained  by  any 
other  process.    No  exact  limit  can  be  fixed  upon. 

An  iron  with  low  tenacity  and  high  elastic  limit  will  naturally,  when 
subjected  to  stress,  act  very  differently  from  one  in  which  these  ele- 
ments are  reversed  in  value.    An  iron  whose  characteristics  are  such 
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that  the  process  of  welding  lowers  the  ultimate  strength  of  the  welded 
part,  may  still  be  able  to  resist,  through  its  stiff  and  brittle  nature,  a 
very  high  stress  before  it  begins  to  change  form,  but  it  may  break  at  a 
slight  additional  stress.  We  have  iu  calculating  the  proof-strains  as- 
sumed that  it  is  not  safe  to  use  above  50  i>er  cent,  of  the  strength  of 
the  weakest  part  of  the  cable. 

There  is  still  another  reason,  deduced  from  our  experiments,  which 
leads  us  to  recommend  a  lower  proving-strain.  In  our  investigation 
of  the  law  of  the  elevation  of  the  limit  of  stress,  we  have  found  that 
although  wrought  iron  acquires  increased  power  to  resist  steady  stress 
by  the  action  of  stress  previously  withstood,  yet  its  power  to  resist 
sudden  stress  is  lowered,  and  for  this  reason  the  operation  of  the  law  is 
injurious  to  cables. 

The  proving-strains,  calculated  upon  the  principles  indicated,  are  as 
follows,  and  they  have  been  adopted  as  the — 

UNITED   STATES  STANDARD  PROOF-TABLE  FOR  CHAIN  CABLES. 

(Strains  being  equal  to  45.57  per  cent,  of  the  strength  of  the  strongest  and  to  50  per  cent,  of  that  of  the 

weakest  links.] 


SlSEB- 


1 

1A 

H 

1A 

H 

1A 

U 

i* 

H 

1A 

l* 

itt 

ii 

ill 

if 

Hi 

2 

2A 

2* 

2A 

2i 

14  TM 


PROVING  STRAIN. 


Pounds. 


33,840 

37,820 

42,090 

46,470 

51,08O 

55,900 

60,020 

66,140 

r  1,550 

77,160 

82,960 

88,950 

95,  ISO 

101,500 

108,060 

114,800 

121,740 

128,920 

136,290 

143,870 

151,640 


Tons. 


15.10 
16.90 
18.80 
20.75 
22.75 
24.95 
27.20 
29.50 
31.95 
34.50 
37.00 
39.70 
42.45 
45.30 
48.25 
51.25 
54.35 
57.60 
$60.80 
64.25 
68.O0 


MINIMUM  BREAKING  STRAIN. 


Pounds. 


67,680 
75,640 
84,100 
92,940 
102,160 
111,800 
121,840 
132,280 
143,100 
154,320 
165,920 
177,900 
190,260 
203,000 
216,120 
229,600 
243,480 
257,840 
272,580 
287,740 
303,280 


Tons. 


30.20 

33.80 

37.60 

41.50 

45.50 

49.90 

54.40 

59.00 

63.90 

69.00 

74.00 

79.40 

84.90 

90.60 

96.50 

102.50 

108.70 

115.20 

121.60 

128.50 

136.00 
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This  proof-table  differs  from  all  others  at  present  in  use,  among 
which  are  those  of  the  British,  French,  and  United  States  Governments, 
in  many  important  points,  among  which  the  following  may  be  noticed: 

First.  The  strains  recommended  are  based  upon  the  actual  strength 
found  in  a  fair  average  lot  of  American  irons,  tested  with  care  by  all 
known  methods,  and  the  results  carefully  studied  and  compared. 

Second.. In  calculating  these  strains,  the  error  which  lias  prevailed, 
that  the  strongest  links  are  made  from  the  strongest  bars,  has  been 
eliminated,  and  allowance  made  for  the  low  tensile  strength  which  it  is 
absolutely  necessary  to  have  in  good  chain  iron,  to  insure  good  welding 
qualities  and  freedom  from  brittleness. 

Third.  In  this  table,  allowance  is  made  for  the  variation  in  propor- 
tional strength  accompanying  variations  in  diameter  of  bar,  and  thus 
all  sizes  are  strained  to  the  same  proportion  of  their  strength,  the  strains 
prescribed  decreasing  regularly  as  the  diameters  increase,  from  43,000 
pounds  per  square  inch  upon  the  1"  to  38,000  on  the  2£''.  In  the 
British  Admiralty  standard  the  strain  upon  all  sizes  is  uniform  at  51,300 
pounds  per  square  inch.  In  the  United  States  Navy  proof-table,  for 
which  that  of  the  Board  has  been  substituted,  the  strains  increase  irregu- 
larly with  each  increase  of  diameter,  from  34,000  pounds  per  square  inch 
upon  the  1",  to  37,200  pounds  upon  the  2£". 

Fourth.  In  this  table,  due  weight  has  been  given  to  the  fact  dis- 
covered by  two  members  of  the  Board,  that  strain  carried  beyond  the 
elastic  limit  causes  the  iron  strained  to  become  brittle  and,  although 
possessing  more  power  to  resist  steady  strains,  to  lose  power  to  resist 
sudden  strains,  and  the  elastic  limit  of  the  links  has  therefore  been 
sought  for,  found,  and  utilized. 

Fifth.  In  this  table  the  possibility  is  recognized  of  there  being  intro- 
duced into  cables,  links  made  from  bars  which,  although  of  the  same 
iron,  are,  through  faults  in  rolling,  more  or  less  scanty  and  tbus  possess 
less  strength  than  bars  rolled  true,  which  deficiency  will  be  carried  into 
the  links.  Should  there  by  accident  be  a  few  links  of  1H"  in  a  2" 
cable,  the  Admiralty  proof  would  strain  the  strongest  of  such  links  to 
over  62  per  cent,  and  the  weakest  to  over  70  per  cent,  of  the  actual 
strength. 

For  these  reasons  we  recommend  that  this  table,  based  upon  actual 
strength  of  American  iron,  be  used  in  testing  American  chain,  in  place 
of  that  of  the  British  Admiralty,  which  is  based  upon  a  standard  tensile 
strength  of  60,000  pounds  per  square  inch,  a  strength  which  American 
chain-iron  does  not  possess. 

This  proof-table  having  been  submitted  by  the  editor,  to  the  Navy 
Department,  has,  as  shown  by  the  following  letter,  received  its  official 
indorsement,  and  has  become  the  United  States  standard: 

Navy  Department, 
bureau  of  equipment  and  recruiting, 

Washington,  D.  0.,  October  19, 1881. 
Sir:  The  proof  table  fo^  testing  chain  cables,  submitted  in  your  letter 
of  this  date,  has  been  examined  and  is  hereby  approved,  aud  will  be 
adopted  as  the  standard  of  the  Navy  of  the  United  States. 
Very  respectfully, 

EARL  ENGLISH, 

Chief  of  Bureau. 
Gapt.  L.  A.  Beardslee, 

United  States  Navy. 
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A  portion  of  the  examination  of  this  table  consisted  in  a  comparison 
of  its  figures,  which  show  what  strength  good  chain  cable  should  have, 
with  the  results  of  experiments  carried  on  by  a  board  of  officers  under 
the  Bureau  of  Equipment,  for  the  purpose  of  determining  the  compara- 
tive strength  of  various  sized  wire  and  hemp  ropes,  chain  cables,  &c, 
during  which  the  following  remarkable  coincidences  were  observed: 

Strength  ef  various-sized  chain  cable  as  found  by  actual  tests  by  Equipment  Board  and  as 
calculated  by  United  States  Iron  Board. 


Pounds. 
63,360 
78,220 
94.650 
103,430 
112,640 
122,220 
182,200 
142,560 


Pounds. 
67,700 
84,100 
92,940 
102,100 
111,800 
121,  840 
132,280 

143,100 


Throughout  the  sizes  other  coincidences  exist. 


Comparison  of  the  proving-strains  of  various  proof-tables. 


li 

11. 

> 

1 

II 

i 

Probable  per- 
centage of 
strength  of— 

11 

111 

r5 

Probable  per- 
centage of 
strength  of— 

Size  of  cable. 

h 

60.3 
60.1 
59.8 
69.4 
50.1 
68.8 
58.5 
58.2 
67.8 
67.4 

Inches. 
2 

Pounds. 
117.000 
108,600 
100,800 
91,800 
87,800 
83,200 
78,000 
72,000 
66,200 
61,200 
66,000 
50,400 
44.800 
40,000 
34,600 
30,600 
26,800 

Pounds. 
121, 737 
114.806 
108, 0.~>8 
101, 499 
95, 128 
88,947 
82, 956 
77, 150 
71,550 
66.138 
60,020 
55,903 
51,084 
46,468 
42,053 
37,820 
33,840 

45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.6 

60 
50 
50 
50 
50 
50 
60 
50 
60 
50 
50 
50 
50 
60 
50 
60 
50 

Pounds. 

161,280 

151, 357 

141.750 

132,457 

123,480 

114, 817 

106. 479 

98,437 

90,  720 

83,817 

70. 230 

69.457 

63.000 

66,857 

51,030 

45.517 

40,320 

66.2 

ljg 

65.9 

»■       ..::..    .. 

65.5 

ifi ::::....  

65.2 

ila: :: 

64.9 

uj       .:.:.. ::::::::::. 

64.5 

i{*;:::;.;:: :..: 

64.1 

1A 

63.7 

if  :::   . :::::::::: .. 

63.3 

&    :::..::::::... . :::: 

82.0 

if.    : I::::::::::::::::        :: 

57. 0       62. 5 

ia  ::::::..::.... .. 

56.6  '    62.1 

i|*::::::::::::::::::::;::::::::::..::::::. 

66. 2       61.  6 

lyt 

55.7 

.      5\3 

54.8 

64.3 

61.1 

lp     ...      .:.... 

60.6 

^:::::::::::::::::::::::::::::::::::::::: 

60.1 
69.5 

*  Extracts  from  "Report  of  Board  for  testing  plain  and  galvanired  iron  and  steel  wiOe,  &c.,  Ac," 
conducted  at  Navy-yard,  Washington,  D.  C,  1878  and  1879. 
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SECTION  III. 

NOTES  UPON  THE  IRONS  EXAMINED. 

Part.  1.  Notes  upon  the  various  irons  examined,  with  experiments  showing 
effects  produced  by  reworking  material8  of  different  characteristics. — 
Part  2.  Chemical  analysis  of  the  irons,  with  comparison  of  tee  chemical 
and  physical  results. 

PART  I. 

A  comparison  of  the  results  obtained  by  steady  and  sudden  strains 
upon  bars,  and  by  steady  strains  upon  the  links  made  from  the  bars,  in- 
dicates that  there  are  two  classes  of  iron,  which,  although  possessing 
considerable  tensile  strength  in  the  form  of  straight  bars,  are  equally 
unsuitable  for  cable-iron,  through  defective  resilience,  or  inferior  weld- 
ing qualities. 

The  first  class  includes  the  greater  portion  of  the  ordinary  cheap  iron 
found  in  the  market,  which  iron  is  cheap  because  it  has  not  received 
enough  work,  which  is  expensive,  to  greatly  change  its  characteristics 
from  those  which  it  possessed  as  crude  iron. 

When  tested  by  tension,  iron  of  this  class  shows  slight  change  of  form 
at  rupture,  and  when  broken  by  impact  it  proves  brittle  and  unreliable 
under  sudden  strains. 

After  fracture  the  appearance  of  the  broken  surface  is  described  as 
"  coarse  granulous,"  and  generally  is  bright  and  glistening. 

Such  iron  will,  when  subjected  to  impact,  break  with  but  little  de- 
flection, and  sometimes  by  blows  of  less  force  than  it  had  previously 
withstood  without  sign  of  injury. 

The  second  class  includes  many  excellent  irons  with  high  tenacity, 
which  is  due  either  to  very  thorough  work,  or  to  ingredients  in  its  com- 
position which  tend  to  increase  tenacity,  frequently  at  the  expense  of 
welding  qualities. 

A  few  notes  in  regard  to  the  irons  we  have  examined  will  illustrate 
these  .points. 

Contract  Chain-Iron. 

Record  of  bars  tested  by  tension,  Noe.  1  to  65 ;  by  impact,  Nos.  1  to  85 ;  chemical  analy- 
8is,  No.  156. 

The  tests  upon  this  iron  were  made  by  the  chairman  of  the  committee, 
in  obedience  to  an  order  of  the  Navy  Department. 

The  general  character  of  the  iron  was  that  of  class  first,  coarse, 
brittle,  and  slightly  worked. 

As  a  result  of  the  tests  the  entire  stock  on  hand  was  condemned, 
but  much  of  it  having  been  found  to  be  susceptible  of  great  improve- 
ment by  reworking,  it  was  so  treated  with  good  results. 

Using  this  iron  as  a  basis  for  experiments  in  reworking  and  in  mix- 
ing irons  with  differing  characteristics,  we  produced  the 

Hammered  Iron. 

Record  of  bare  tested  by  tension,  Noe.  66  to  111,  inclusive ;  by  impact,  Nos.  86  to  304. 

The  process  by  which  this  iron  was  manufactured  was  as  follows: 
Such  of  the  contract  chain-iron  as  our  experiments  had  shown  to  be 
most  benefited  by  increased  work  was  selected,  heated  to  a  very  high 
heat,  and  thoroughly  hammered  by  the  steam-hammer,  each  link  or  bolt 


PLATE  VI. 

IMPACT  TESTS. 

Fig.    i. 


Fig.  2. 


Hcliotypc  Priming  Co., 


211  Trcmont  Street,   Boston. 


CONTRAST  IN  THE  APPEARANCE  OF  FRACTURES 

BY  IMPACT  MADE  UPON  EXTREMELY  BRITTLE 

AND  EXTREMELY  TOLC.H  IRONS. 

Fig.  i.     Contract  Chain  iron  2  3-16  in.  bar. 
"     2.     Hammered  iron  from  the  2  3-16  in.  b\r,  combine! 
with  old  boiler  iron. 
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by  itself,  until  it  was  flattened  to  a  slab.    During  the  process  great 
quantities  of  dross  and  scoria  were  expelled. 

Old  condemned  boilers  were  cut  up,  and  the  better  portions  cut  into 
slabs,  which  were  heated  to  a  red  beat  and  the  rust  beaten  off;  these 
slabs  of  the  two  irons  were  then  piled  in  the  following  manner : 


Boiler-iron. 


Twice-hammered  chain-iron. 


Once-hammered  chain-iron. 


Crown-sheet  boiler-iron. 


Once-hammered  chain-iron. 


Twice-hammered  chain-iron. 


Boiler-iron. 


These  piles  were  about  20"  by  10",  and  were  heated  and  hammered 
into  octagonal  blooms. 

The  advantages  which  it  was  hoped  would  be  secured  by  the  above 
method  of  piling  were,  that  the  soft  and  comparatively  plastic  center 
would  permit  extreme  flexure;  that  the  coarse  once-heated  chain-iron 
would,  being  supported  by  this  yielding  center,  sustain  flexure  to  a  much 
greater  extent  than  if  not  so  supported;  and  that  the  thoroughly  re- 
heated and  reworked  layers  of  chain-iron  next  to  the  outer  layers  would 
impart  strength  and  toughness  to  the  mass,  and  would  absorb  any  blows 
or  sudden  strains,  which  received  upon  the  outer  surface  would  encounter 
first  a  cushion,  and  then  a  tough  iron ;  and  that  the  resultant  iron  would 
possess  great  power  to  resist  both  sudden  and  steady  strains,  would 
bend  double  without  breaking,  and  the  parts  not  being  perfectly  homo- 
geneous, the  rupture  of  a  portion  of  a  bar  would  not  render  valueless 
the  remainder.  That  we  secured  all  these  advantages  our  tests  show 
plainly. 

Tested  by  tension,  the  iron  showed  fair  tensile  strength  (average 
53,000  pounds),  uniformity,  and  ductility;  tested  by  impact,  bars  of 
all  sizes,  in  their  normal  condition,  would  sustain  heavy  blows  with 
slight  deflection,  and  Anally  double  till  the  sides  were  close  together, 
without  injury.  Extreme  tests  were  made  by  impact;  one  hundred 
and  ninety-seven  bars  of  2"  diameter  were  swaged  from  the  blooms, 
each  of  which  was  circled  with  a  score  $y  deep  in  the  center ;  these 
bars  were  struck  upon  this  score  by  the  wedge-shaped  hammer  of  the 
impact  testing-machine,  dropped  from  a  height  of  30  feet,  the  hammer 
weighing  100  pounds.  Each  blow  was  considered  to  be  equal  to  3,000 
foot-pounds. 

2,  or  1  per  cent.,  resisted  7  blows. 

5,  or  2.54  per  cent.,  resisted  6  blows. 
27,  or  13.6  per  cent.,  resisted  5  blows. 
68,  or  34.5  per  cent.,  resisted  4  blows. 
71,  or  36  per  cent.,  resisted  3  blows. 
21,  or  10  per  cent.,  resisted  2  blows. 

3  broke  at  first  blow. 

The  three  which  broke  at  a  single  blow  were  found  to  have  been  made 
partially  of  boiler-steel. 
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Iron  A. 

From  these  hammered  blooms,  those  which  had  resisted  at  least  three 
blows  were  reheated  and  rolled  in  the  copper-mill  into  the  above  iron, 
of  which  the — 

Record  of  tests  by  tension  »s  bars  is  Noa.  112  to  162 ;  by  impact  as  bars,  Nob.  305  to 
467 ;  of  links,  Nos.  1  to  41 ;  chemical  analysis,  135. 

The  greater  portion  of  iron  A  was  rolled  into  2"  bars,  the  fag-ends 
beiug  reduced  still  further  to  1£",  and  a  portion  of  one  day's  work  was 
rolled  into  bars  of  all  sizes  from  1"  to  2£",  varying  by  eighths  of  an  inch. 

The  tests  by  tension  of  the  2"  bars  showed  tenacity  quite  uniform, 
averaging  about  50,000  pounds,  that  of  the  bars  varying  in  diameter 
ranging  from  51,000  to  55,000  pounds. 

The  blooms  for  the  sizes  from  2"  to  1$",  inclusive,  were  of  uniform 
area,  as  were  those  of  1£"  to  1",  inclusive. 

All  of  the  bars  showed  great  ductility  and  change  of  form  under 
tension,  having  a  rather  low  elastic  limit,  which  was  due,  no  doubt,  to 
the  fact  that  the  softer  and  more  ductile  portions  stretched  first.  Tested 
by  impact  all  sizes  up  to  2\"  bent  completely  double  by  heavy  blows 
(3,000  foot-pounds)  delivered  upon  the  center  of  the  test  pieces,  bending 
them  to  the  face  of  the  wedge,  when  the  steam-hammer  completed  the 
closure,  as  shown,  (Plate  VII.) 

Sixty  of  the  bars  of  the  2"  rolled  were  tested  by  impact  in  the  same 
manner  as  the  hammered  iron. 

1,  or    1.66  per  cent.,  resisted  7  blows. 

1,  or    1.66  per  cent.,  resisted  6  blows. 

8,  or  13.33  per  cent.,  resisted  5  blows. 
14,  or  23.33  per  cent.,  resisted  4  blows. 
16,  or  26.66  per  cent.,  resisted  3  blows. 
14,  or  23.3!)  per  cent.,  resisted  2  blows. 

6  broke  at  less  than  2  blows. 

Fractures  showing  long  gray  fiber  and  u  barking,"  as  shown,  ( Plate 
IV.) 

Eighty-three  tests  by  impact  were  made  upon  the  1£"  bars,  all  being 
scored  with  a  circle  ■£§"  deep  and  struck  by  the  100-pound  hammer 
dropped  30  feet,  the  temperature  being  from  20°  to  35°  during  test,  and 
the  bars  having  been  exposed  the  preceding  night  to  a  temperature  of 
10°  to  15o. 

Sixty-one  pieces  withstood  this  blow  without  breaking,  many  being 
hardly  cracked.    Most  of  those  which  broke  showed  fibrous  structure. 

It  is  probable  that  the  final  heating  and  rolling  deprived  the  iron  of 
a  portion  of  its  power  to  resist  shocks,  as  the  record  of  the  hammered 
iron  is  superior  to  that  of  the  rolled  in  this  respect.  Tested  as  cable, 
the  links  of  all  sizes  proved  strong,  and  the  welding  value  of  the  iron 
was  good,  a  large  proportion  of  the  links  (18  out  of  37)  breaking  at  the 
butt  end.  The  strength  of  links  ranged  from  161  per  cent,  to  173  per 
cent.,  averaging  169  per  cent,  of  the  bar's  strength. 

No  iron  which  we  have  examined  has  proved  superior  to  this  for  cable- 
iron,  and  there  is  no  reason  why  any  manufacturer  should  not  be  able 
to  produce  similar  material  by  suitable  mixtures  in  the  piles,  and  by 
giving  such  amount  of  work  as  is  found  to  be  best  adapted  to  develop 
good  welding  properties. 

Even  though  it  should  be  considered  as  impractical  to  arrange  every 
pile  with  due  attention  to  a  balancing  of  opposite  characteristics,  the 
quality  of  ordinary  chain-iron  can  be  vastly  improved  by  subjecting 
the  coarse  material  of  which  it  is  generally  composed  to  much  more 
thorough  working  than  is  ordinarily  the  custom. 
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PLATE  VIII. 

IMPACT    TESTS. 

Fig.    i.     i    1-4  in.   bar. 


Fig.   3.      21-4  in.  bar. 


Fig.   2.      1   in.   bar. 


Iron    A. 

Figs.   1  and  3  bent  cold  by  heavy  blows 

Fig.  2       End*  pointed  while  warm,  then  cooled  and  hauled  taut. 
THE  TESTS    REPRESENTED   BY   FIGS.   1    AND  3   ARE  TYPICAL,   MANY  SIMILAR 
HAVING   BEEN    MADE   LPON   THIS   IRON. 
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A  number  of  the  test-pieces  of  Iron  A  which  had  been  tested  by  im- 
pact were  photographed,  and  Plates  VII  and  VIII  are  heliotypes  from 
these  photographs. 

Piate  VII  represents  the  bars  of  February  27  as  bent  by  impact. 

PUte  VIII  illustrates  a  few  of  the  crucial  tests  to  which  this  iron 
was  subjected. 

Figure  1  is  a  screw,  sixteen  threads  to  the  inch,  which  was  bent  to 
face  of  Impact  hammer  b^  a  blow  of  3,000  foot-pounds,  then  closed  under 
steam  hammer.  Fig.  2,  the  1"  bar  of  February  27,  drawn  into  an  over- 
hand knot  by  tension  with  machine  A.  Fig.  3,  the  2\"  bar,  bent  double 
cold  in  two  directions.  Figs.  1  and  3  represent  many  tests  of  the  same 
nature,  all  of  which  were  equally  successful. 

Ieon  B. 

Record  of  bare  tested  by  tension,  Nos.  163  to  174,  and  316  to  352 ;  by  impact,  Nob. 
468  to  4?8;  of  links,  Nos.  42  to  1/7;  chemical  analysis,  No.  171. 

Three  bars  of  this  iron,  viz,  1|$",  Iffl',  and  1  ,V,  were  furnished  as 
sample  bars  to  compete  for  an  order  for  chain-iron,  with  bars  of  irons  O, 
E,  G,  H,  I,  J,  K,  and  L,  all  of  which  are  referred  to  as  the  "nine  irons"; 
by  the  result  of  the  tests,  this  iron  was  accepted  for  the  three  sizes,  the 
contractor  having  substituted  samples  of  iron  B  at  the  last  moment 
for  those  of  iron  I,  previously  furnished,  which  proved  red-short,  and 
worthless.  The  iron  B  delivered  was  about  the  same  as  the  samples, 
except  in  case  of  the  1^"  size,  some  of  the  links  of  which  greatly  re- 
sembled the  rejected  iron  I.  This  iron  showed  plainly  the  effect  upon 
quality  of  increased  reduction  by  the  rolls,  the  smaller  sizes  being  the 
most  ductile  and  welded  most  firmly.  As  cable  the  1±#"  averaged  1G2 
per  cent.,  the  LJ-J" 166£  per  cent.,  and  the  1-fc"  170J  per  cent,  of  bar's 
strength. 

Iron  C. 

Record  of  tests  of  bars  by  tension,  Nos.  175,  180,  353  to  409,  4f;0  to  457;  by  impact, 
Nos.  479  to  521;  of  links,  Nos.  98  to  156;  chemical  analysis,  No.  172. 

Three  bars  of  this  iron,  viz,  of  1J",  1|",  and  1£",  were  furnished  to 
compete  with  the  "nine  irons,"  and  upon  the  results  of  the  tests  this  iron 
was  received  in  the  above  sizes.  Bars  of  1-HK',  1-H">  an(l  ^iV  were  a^so 
furnished,  but  the  price  beiug  greater  than  that  of  iron  B,  the  latter  was 
selected. 

The  tests  by  tension  and  impact  of  the  sample  bars  Nos.  1CJ,  1C3,  1G9, 
174,  175,  and  181  showed  great  ductility,  low  tensile  strength,  and  re- 
markable toughness,  with  great  power  to  resist  impact,  one  bar  receiv- 
ing 110  sledge-blows,  another  94,  and  all  many,  upon  ends  which  had 
been  nicked  with  a  cold-chisel,  before  they  were  brokeu  off. 

As  cable  the  welding  value  was  high,'  and  the  single  links  developed 
from  178  per  cent,  to  11)9  per  cent,  of  the  bar's  strength,  averaging  187 
per  cent. 

These  sample  bars  in  many  respects  resembled  iron  D,  which  is  a 
rivet  iron  made  by  the  same  mill. 

The  iron  delivered  differed  greatly  in  characteristics;  the  tensile 
strength  was  higher,  they  comparing  as  follows: 


u 


H        I       14 


Sample  bars... 
Iron  delivered., 


Pound*. 
50,312 
54,400 


Pound*. 
49,000 
55,880 


Pound*. 
52, 700 
55,400 


216  TESTS   OF   METALS. 

And  although  generally  tough  and  strong,  the  characteristics  of  tbc 
iron  delivered  showed  that  it  had  received  much  less  work  than  the 
samples,  if  of  the  same  material.  As  cable-links,  the  l£"  developed  an 
average  of  162  per  cent.,  the  1£"  155  per  cent.,  and  the  If "  153  per  cent, 
of  the  bar's  strength,  made  up  of  very  irregular  factors,  rangiug  from 
134  to  177  per  cent.  The  If"  was  brittle  under  impact,  the  1£"  less  so, 
and  the  1£"  generally  very  tough. 

Iron  D. 

Record  of  tests  of  bars  by  tension,  Nos.  410  to  449,  458  to  463;  bv  impact,  Nos.  522 
to  548;  Hnks,  Nos.  157  to  177;  chemical  analyses  Nos.  132,  134,  186,  173,  174. 

Two  lots  of  this  iron,  each  consisting  of  nine  bars,  from  2"  to  1",  were 
purchased  for  testing.  It  was  manulactured  by  the  maker  of  iron  C, 
and  was  a  u  rivet  iron."  Difference  in  the  amount  of  reduction  in  the 
Tolls  produced  with  this  iron  very  marked  differences  in  strength,  the 
smaller  bars  having  much  greater  tenacity  than  the  larger  ones.  All 
sizes  possessed  great  power  to  resist  impact,  except  the  2"  bars,  which 
were  generally  very  brittle. 

The  two  lots  differed  greatly  in  the  tensile  strength  of  the  same  sizes, 
as  shown  by  comparing:  First  lot,  1£",  tensile  strength,  54,087  pounds; 
2",  51,146  pounds.  Second  lot,  1£",  tensile  strength,  61,115  pounds; 
2",  49,146  pounds,  a  difference  of  11,969  pounds,  due  apparently  to  dif- 
ference in  reduction  by  the  rolls. 

It  seems  probable  that  the  second  lot,  having  been  prepared  expressly 
for  test,  received  a  great  deal  more  work  than  the  first.  This  overwork 
manifested  itself  both  in  increased  tenacity  and  in  decreased  welding 
value,  the  single  links  of  the  first  lot  developing  an  average  of  178  per 
cent,  and  the  sections  of  the  second  158  per  cent,  of  the  bar's  strength. 

The  2"  bars  of  both  lots  differed  greatly  from  all  of  the  smaller  bars, 
so  greatly  that  it  was  difficult  to  believe  that  they  were  of  the  same  iron. 
Both  were  very  brittle  uuder  impact,  and  when  tested  by  tension  broke 
with  almost  imperceptible  change  of  form,  showing  bright  grauulous  sur- 
face of  fracture.  With  one  of  these  bars  there  was  so  slight  a  difference 
between  the  appearances  of  the  fractures  by  tension  and  by  impact  that 
the  fragments  were  photographed,  as  shown.  (Plate  X.)  After  several 
failures  the  manufacturers  at  last  sent  us  a  2"  bar  which  corresponded 
in  its  character  with  the  smaller  sizes. 

From  this  last-named  bar  the  test-pieces  used  in  the  investigation  of 
form  of  test-pieces  Kos.  153  to  162  were  prepared,  by  which  the  tensile 
strength  was  found  to  be  about  46,500  pounds,  as  obtained  by  a  cylinder 
turned  from  the  core;  by  test  of  the  entire  bar  (No.  410,  records  of  bars) 
it  was  51,146  pounds.  This  remarkable  difference  between  the  tenacity 
of  the  core  and  that  of  the  entire  bar  occurred  iu  another  instance,  with 
iron  F#,  a  very  ductile  material  too  much  worked.  This  2"  bar  of  iron 
D  withstood  heavy  impact  tests,  and  as  cable  broke  at  276,500  pounds, 
equal  to  172  per  cent,  of  the  bar's  strength. 

Iron  E. 

Record  of  tests  of  bars  bv  tension,  Nos.  181  to  204,  and  476  to  498;  by  impact,  Nos. 
549  to  563;  of  links,  Nos.  17ti  to  202;  cbeinical  analysis,  175. 

Six  bars,  viz,  1-HK',  1J",  1^",  l|"i  tVS  H">  were  furnished  to  com- 
pete with  the  nine  irons,  the  price  beiug  higher  than  that  of  B  and  C; 
the  latter  had  been  tested  and  bought  before  E  was  touched.  Upon 
test,  it  developing  fairly,  bars  of  the  intermediate  sizes  were  purchased 
to  complete  the  series  of  tests. 


PLATE  IX. 
IMPACT  TESTS. 

Fig.    i.    i  1-2  in.  bur  Iron  C. 


Fig.   2,   Iron  F. 


Hcliotypc  Printing  Co.,  an  Tremont  Street,  Boston. 

FRACTURES  PRODUCED  BY  HEAVY  BLOWS. 


PLATE   X. 

Fig.    i. 

fractures  produced  by  impact. 


2    in.    bar. 


i    5-8    in.    bar. 


Fig.  2. 
fractures  produced  by  tension 


2  in  bar. 


1  3-4  in.  bar. 


SHOWING  THE  DIFFERENCE  BETWEEN  THE  TWO  INCH  AND  OTHER  PARS  OF 

IRON  D. 
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The  iron  was  all  of  good  quality,  moderate  tensile  strength,  tough 
under  impact,  and  made  good  cable. 

This  set  of  bars  presented  one  peculiarity:  the  1£",  instead  of  being  of 
less  tensile  strength  than  the  lg",  as  generally  is  the  case,  was  of  greater, 
and  three  other  bars,  of  If",  1|",  and  1&",  were  bought  to  see  if  this 
unusual  feature  was  or  was  not  accidental ;  the  same  result  was  repeated, 
and  led  to  inquiry  at  the  mill  for  the  cause.  We  found  that  at  this  mill 
the  pile  used  for  the  1£"  was  of  the  same  sectional  area  as  that  for  the 
1$",  while  at  most  mills  it  is  less.  (See  investigation  of  effect  of  rolls, 
pages  33  and  42.) 

Iron  F. 

Record  of  teste  of  bars  by  tension,  Nos.  499  to  752;  by  impact,  Nos.  564  to  5*2;  of 
links,  Nos.  203  to  244 ;  chemical  analysis,  Nos.  131. 

This  iron  was  received  in  several  lots,  the  first  of  which  proved  to  be 
of  such  uniform  character  thatiron  F  was  selected  as  suitable  to  use  in 
various  in  vesications  in  which  it  was  desirable  to  reduce  to  a  minimum 
the  chances  of  error  arising  from  defects  in  the  material. 

None  of  the  bars  furnished  can  be  considered  as  chain-iron,  for  which 
purpose  the  manufacturers  make  aharder  and  stronger  iron.  We  how- 
ever, tested  many  of  them  in  the  form  of  cables,  considering  that  in  the 
record  of  such  cables  we  would  find  what  could  be  expected  of  iron  of 
very  low  tensile  strength.  Iron  F  proved  uniform  under  every  form  of 
test,  the  tensile  strength,  elongation,  reduction  of  area,  strength  of 
links,  and  percentage  of  bar's  streigth  developed  by  links,  resistance 
to  impact,  and  welding  qualities  of  any  one  lot,  furnishing  valuable  evi- 
dence as  to  what  might  be  expected  of  another. 

The  manufacturers  furnished  us  notes  as  to  the  process  of  manufact- 
ure of  the  third  lot  received,  similar  to  those  previously  made  by  the 
chairman  of  this  committee  during  the  manufacture  of  the  second  lot. 

The  third  lot  of  bars,  from  \"  to  4",  inclusive,  was  furnished  to  the 
Board  without  charge,  and  every  facility  was  rendered  to  us  to  enable 
us  to  study  the  effect  of  different  amounts  of  reduction  from  pile  to  bar — 
the  results  of  which  experiments  are  described  in  the  "Investigation 
of  the  effect  of  the  rolls,"  the  experimental  iron  being  termed  in  our 
report  "Fxv. 

Iron  Fx. 

Lots  1,  2,  and  3. 

Record  of  tests  by  tension  of  bars,  Kos.  753  to  848;  by  impact,  Nos.  573  to  590 ;  of 
links,  Nos.  245  to  262;  chemical  analyses,  Nos.  169,  176,  177. 

The  bars  of  this  iron  were  rolled  from  piles  made  up  of  the  same  com- 
bination of  crude  irons  as  was  u&ed  in  the  manufacture  of  iron  F,  but 
which  piles  were  made  to  differ  from  those  of  F  in  sectional  area. 

The  proprietors  of  the  rolling-mill  furnished  without  charge  all  of  the 
facilities  and  material  necessary  to  assist  the  committee  in  an  investiga- 
tion into  the  effect  of  the  rolls,  the  object  of  the  experiments  being  the 
production  of  a  set  of  bars  of  various  sizes,  the  tensile  strength  per  square 
inch  of  which  should  be  unifoim. 

This  result  was  accomplished  on  the  third  trial,  by  so  graduating  the 
sectional  areas  of  the  various  piles  that  the  areas  of  the  bars  rolled  from 
them  bore  uniform  ratios  to  chose  of  the  piles.  (See  investigation  of  the 
effect  of  the  rolls,  page  44. 

The  resulting  bars  had  Kceived  much  more  work  than  iron  F;  they 
had  higher  tenacity,  equal  f  not  supei  ior  resilience,  but  inferior  welding 
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qualities.  The  average  tensile  strength  of  iron  F  was  51,127  pounds 
(from  52,517  to  48,132);  the  average  tensile  strength  of  iron  Fx  was 
53,400  pounds  (from  54,644  to  52,817). 

The  percentage  of  bar  strength  developed  by  links  of  iron  P  was, 
one  lot  164  per  cent.,  another  162.5  per  cent.;  of  iron  Fx  it  was,  one 
lot  151  per  cent.,  another  157.8  per  cent.;  and  the  percentages  of  iron 
F  were  more  regular  than  those  of  Fx. 

Tested  by  impact,  both  varieties  resisted  extreme  shocks,  and  numbere 
of  the  test  pieces  manifested  the  phenomena  of  ''barking."  (See  Plats 
IV.) 

Irons  G,  H,  I,  and  J. 

Record  of  bars  tested  bv  tension ,  Nog.  205  to  281;  of  links,  Nos.  263  to  277;  chemical 
analyses  of  J,  Nos.  137,  142,  143,  144,  148. 

These  bars  were  furnished  to  compete  with  the  nine  irons  for  a  con- 
tract, but  few  tests  were  made  upon  tbem.  G  and  H  both  proved  of 
good,  fibrous  material,  sufficiently  worked,  and  the  few  links  made  from 
them  were  strong ;  G,  as  single  links,  being  equal  to  174  per  cent.,  and  H 
to  182  per  cent,  of  the  bar's  strength. 

Iron  I  was  thoroughly  red-short,  and  it  was  impossible  to  make  links 
from  it,  they  breaking  while  being  bent. 

Six  bars  of  iron  J  were  furnished,  which  proved  to  be  of  a  kind  called 
in  the  shop  u rotten."  When  tested  by  impact  with  a  sledge-hammer, 
the  bars  would  split  under  the  blows,  showing  smooth,  black  faces,  re- 
sembling charcoal. 

Iron  K 

Record  of  tests  of  bars  by  tension,  Nos.  849  to  895;  by  impact,  Nos.  591  to  618;  of 
links,  Nos.  303  to  328;  chemical  analyses,  Nos.  130, 140,  and  141. 

Several  of  the  bars  of  this  iron  were  furnished  to  compete  with  the 
"nine  irons;"  the  remainder  were  purchased  at  different  times  for  test 
purposes. 

All  were  of  the  same  character,  which  was  that  of  a  fine-grained, 
thoroughly  worked,  refined  bar,  of  great  tensile  strength  and  uniformity, 
showing,  when  broken  by  any  form  of  force,  fine,  bright,  silvery  fractures. 

The  bars  were  so  uniform  in  strength  that  they  were  selected  as  the 
material  fiom  which  to  make  experiments  which  depended  upon  uni- 
formity in  character  of  material  for  their  value.  Under  intact-tests  iron 
K  gave  peculiar  results;  if  the  skin  was  intact,  a  bar  of  2"  diameter 
could  be  doubled  cold  by  heavy  blows  without  showing  injury;  but  if  a 
slight  score  or  nick  was  made  in  it  this  power  was  entirely  lost. 

The  welding  properties  were  not  good;  that  is,  by  the  ordinary  proc- 
ess. With  some  of  the  links,  that  were  probably  welded  at  suitable 
heat;  the  welds  were  firm,  aud  they  possessed  great  strength;  but  others 
made  from  the  same  bars  broke  at  very  low  strains.  By  reference  to 
the  records  on  page  186  it  will  be  seen  that  between  links  of  the  same 
size,  made  from  the  same  bar,  there  irere  differences  in  strength  equal 
to  from  26  to  32  per  cent,  of  the  strength  of  f  he  weaker  links,  the  iron 
thus  showing  an  irregularity  in  strength  which  excluded  it  from  the  list 
of  suitable  chain-irons. 

The  character  of  the  material  was  so  opposite  to  that  of  charcoal  bloom 
boiler-iron,  each  possessing  valuable  qualities  which  were  lacking  iu  the 
other,  that  it  was  resolved  to  make  some  experiments  by  mixing  the 
two,  and  the  results  showed  plainly  that,  bysuch  admixture,  iron  supe- 
rior for  chain-cables  to  either  of  the  constitaents  could  be  produced. 
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CLOSED  DOWN. 

As  shown  by  a  three  inch  bar  of  iron  F,  bent  double  cold 

without  a  crack. 
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First  experiment. — The  fragments  <rf  the  1§"  bar  which  bad,  after  hav- 
ing been  scored,  been  broken  by  impact  of  aii  800  foot-pound  blow,  were 
reheated  and  flattened,  and  piled  with  old  boiler  iron,  in  the  same  manner 
as  with  iron  A,  from  which  pile  a  bloom  wan  hammered,  and  from  which 
bloom  test-bars  of  2"  and  l|"  diameter  were  swaged,  all  being  of  length 
equal  to  twelve  diameters.  Tested  by  impact,  after  having  been  scored 
by  a  cut  -fe"  deep,  the  2"  test-pieces  required  seven  and  If"  five  blows 
of  3,000  foot-pounds  each  to  completely  tear  them  in  two.  The  original 
bar,  which,  after  having  been  scored,  broke  with  a  blow  of  800  pounds, 
resisted  four  blows  of  3  000  pounds  each  when  unscored;  the  effect  of 
these  blows  was  to  close  it  to  an  angle  of  105°  from  the  horizontal,  after 
which  it  was  beaten  by  the  steam-hammer  until  the  sides  touched  the 
whole  length,  the  iron  remaining  uninjured.  The  tensile  strength  of  K 
was  57  000  pounds,  that  of  the  boiler  iron  50,000  pounds,  and  that  of  the 
mixture  54,000  pounds. 

A  second  experiment  was  made  with  fragments  of  the  l\tf'  bar,  which, 
with  tensile  strength  of  54,000  pounds,  broke  under  impact  after  having 
been  scored;  at  the  second  1,200  foot-pound  blow,  these  fragments  were 
mixed  with  old  boiler  iron,  and  four  test-pieces,  each  of  2"  diameter  and 
24"  length,  prepared;  these  resisted  from  four  to  six  3,000  foot-pound 
blows,  tearing  in  two  finally  with  a  long  fibrous  fracture. 

A  third  experiment  was  made  with  the  fragments  of  2"  bar,  which 
were  thoroughly  reworked,  without  mixing  with  boiler-iron.  The  iron, 
which  originally  as  a  2"  bar  possessed  tensile  strength  of  50,000  pounds, 
and  was  tough  when  unscored,  brittle  when  scored,  was  not  at  all  im- 
proved by  the  reworking. 

The  manufacturers  of  iron  K  prepared,  under  the  instructions  of  the 
committee,  a  2"  bar,  which  was  made  by  combining  in  the  pile  the  usual 
iron  of  which  K  was  made  with  altei  nate  layers  of  charcoal  bloom  iron, 
five  layers  in  all,  the  center  and  outer  ones  being  of  charcoal  bloom. 
At  the  same  time  they  sent  to  us  slabs  of  the  crude  iron  K,  which  we 
combined  with  old  boiler-iron  in  the  same  manner  as  with  iron  A,  and 
hammered  into  a  bloom,  from  which  2"  test-pieces  were  swaged;  we 
also  prepared  a  similar  test-piece  of  fragments  of  the  2"  bar  of  the  usual 
character  sent  to  us,  combined  with  boiler-iron.  All  of  these  bars  re- 
sisted extreme  tests  by  impact,  and  were  of  good  tensile  strength,  viz, 
54,000  to  55,000  pounds.  Their  record  under  impact  tests  is  given  on 
page  142. 

The  results  of  these  experiments  demonstrate  that  excellent  chain-iron 
can  be  made  by  mills  whose  ordinary  products  cannot  be  considered  as 
suitable. 

One  of  the  test -pieces  made  by  our  process  having  withstood  seven  blows 
of  3,000  foot-pounds  each,  and  having  by  them  been  broken  about  one- 
half  through,  was  laid  aside  for  one  year,  when  it  was  retested  in  the 
presence  of  a  delegation  of  the  Mining  Engineers,  and  broke  square  in 
two  at  the  first  3,000  foot-pound  blow,  other  pieces  from  same  bar  hav- 
ing withstood  seven  and  nine  such  blows,  finally  rupturing  with  long 
splintered  fractures,  as  though  torn  in  two,  while  the  piece  which  was 
rested  broke  in  such  manner  as  to  show  that  it  had  become  very  brittle. 

Iron  L. 

Record  of  tests  of  bars  by  tension,  Nos.  28-2  to  305 ;  of  links,  Nos.  278  to  2*3 ;  cbemical 
analyses,  Nos.  136,  138,  139,  145,  146,  184,  185. 

Five  bars  were  furnished  to  compete  with  the  nine  irons.  All  forms 
of  test  indicated  that  the  material  was  steel,  which  analyses  subsequently 
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confirmed.  The  tensile  strength  was  great;  reduction  of  area,  abrupt 
power  of  resistance  to  impact,  very  slight  when  scored,  but  fair  when 
not  scored;  welding  value,  low; 'Strength  of  links,  very  irregular. 

The  manufacturers  being  informed  that  the  material  was  unsuitable, 
furnished  two  other  bars,  one  of  £"  and  one  of  |",  both  of  which  with- 
stood impact  well  and  possessed  great  tensile  strength.  (See  experi- 
ments 1,  2,  and  3,  "  Investigation  of  the  elevation  of  limit  of  stress," 
pages  116  and  117.)  It  was  claimed  that  these  bars  made  by  the  same 
process,  but  with  less  carbon,  would  make  good  chain-iron.  We  did  not, 
however,  test  them  as  cable,  the  size  and  quantity  being  too  small  to 
enable  us  to  obtain  any  results  of  value.  Analyses  confirmed  the  state- 
ment that  the  £"  possessed  less  carbon  than  the  other  bars,  which  ranged 
from  .212  per  cent,  to  .453  per  cent.,  while  the  |"  had  .042  per  cent,  and 
the  %"  .229  per  cent. 

Iron  M. 

Record  of  bars  tested  by  tension,  Noa.  306  to  315,  and  1,047  to  1,422 ;  by  impact,  Nos. 
619  to  638 ;  of  links,  Nos.  376  to  500:  chemical  analyses,  129,  133,  147,  155.  157,  158, 
159,  160,  161.  • 

A  great  number  of  tests  were  made  upon  this  iron,  both  by  physical 
and  chemical  processes.  It  was  delivered  as  chain-iron  at  a  number  of 
different  times  and  lots.  The  bars  of  these  lots  varied  greatly  among 
themselves,  and  the  lots  differed  in  many  respects. 

The  iron  as  bars,  unheated,  had  generally  every  indication  of  value, 
the  tensile  strength  being  great,  although  irregular,  and  the  reduction 
of  area  and  elongation  under  tension  were  good.  Some  of  the  bars  re- 
sisted impact  well ;  others  broke  square  in  two  when  being  bent  cold, 
with  very  slight  closure. 

As  cable  the  iron  proved  very  defective  and  irregular.  The  trouble 
with  it  seemed  to  be  that  if  not  welded  at  exactly  the  right  heat  (a  very 
low  one)  the  part  of  the  link  upon  which  the  weld  was  made  lost  its 
strength  by  the  process,  and  in  many  cases  when  tested  the  links  would 
break  through  the  weld  at  very  low  strains,  showing  little  or  no  change 
of  form  and  the  fractured  ends  remaining  unreduced  in  diameter.  (See 
Fig.  5,  Plate  II.) 

The  strength  of  the.links  depending  thus  upon  that  of  a  section  of 
each,  which  had  been  more  or  less  weakened  according  to  the  degree  of 
heat  employed  in  welding,  was  very  irregular,  and  frequently  very  low, 
ranging  as  follows : 

l\"    sections  from  123,500  to    92,000  pounds. 

lJV'  sections  from  117,(-00  to    77,000  pounds. 

If"    sections  from  136,600  to    95,000  pounds. 

li"    sections  from  169,000  to  140,000  pounds. 

if"    sections  from  187,000  to  125,000  pounds. 

ljf"    sections  from  225,600  to  212,000  pounds. 

lj$"  sections  from  228,600  to  210,000  pounds. 

2"      sections  from  278,000  to  255,000  pounds. 

The  weak  links  broke  generally  "  through  the  weld,"  a  form  of  rupture 
which  is  not  a  common  one,  for  in  breaking  altogether  435  links  but  116 
broke  through  the  weld,  and  of  these  79  were  of  iron  M,  of  which  124 
links  were  broken.     (See  notes  on  welding,  pages  150  and  151.) 

A  number  of  bolts  of  this  iron  cracked  while  being  bent  to  link  form, 
.  in  the  u  link-bender." 

Supplementary  chemical  analyses,  Xos.  209  to  215,  inclusive,  were 
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made  upon  this  iron,  the  results  of  which  are  incorporated  in  the  com- 
parison of  physical  and  chemical  results.  They  folly  confirm  the  views 
expressed  and  deductions  made  from  the  preceding  tests. 

Iron  N. 

Record  of  tests  of  bars  by  tension,  Nos.  896  to  911 ;  by  impact,  Nos.  639  to  646;  of 
links,  Nos.  329  to  336;  chemical  analyses,  Nos.  149  and  150. 

The  bars  of  this  iron  (eight  in  number)  were  furnished  to  the  commit- 
tee by  a  leading  manufacturer  as  samples  of  "first-class  chain-iron," 
and  they  were  probably  a  fair  sample  of  the  ordinary  character  of  such 
chain-iron ;  tested  by  tension  the  strength  was  generally  high,  change 
of  form  slight. 

Under  impact  the  large  bars  were  very  brittle,  the  2"  breaking  by 
blows  when  unscored,  which  the  lg"  resisted  after  being  scored.  As 
cable  the  If"  was  superior  to  the  2".  The  fault  with  this  iron  was  too 
little  work,  the  large  bars  receiving  much  less  than  the  small  ones. 
(See  "Investigation  of  the  effect  of  the  rolls,"  page  39.) 

Iron  O. 

Record  of  tests  of  bars  by  tension,  Nos.  912  to  920;  by  impact,  Nos.  647  to  657 ;  of 
links,  Nos.  337  to  345 ;  chemical  analyses,  Nos.  153  and  154. 

Nine  bars  of  this  iron  were  procured  for  experimental  purposes,  no 
charge  being  made  for  them. 

It  is  in  no  sense  of  the  word  a  chain-iron,  and  its  merits  should  not 
be  judged  by  its  action  in  the  form  of  cable. 

The  material  was  soft  charcoal-bloom,  and  of  high  price. 

It  proved  of  value  in  our  experiments  npon  the  effect  of  the  rolls,  and 
as  furnishing  us  with  data  as  to  the  extreme  of  change  of  form  which 
would  occur  to  a  link  of  very  soft  iron  under  stress.  Although  too  duc- 
tile and  soft  for  chain-iron,  some  of  the  larger  sizes  produced  good  links, 
while  the  smaller  sizes  were  overworked  for  the  purpose,  and  did  not. 

The  average  percentage  of  bar's  strength  of  the  2",  1  £",  and  1%"  links 
was  172  per  cent. ;  that  of  the  1",  1£",  and  1£"  was  153  per  cent. ;  the 
average  tenacity  of  the  first  three  sizes  being  48,618  pounds,  that  of  the 
last  three  53,479  pounds. 

Under  impact  this  iron  proved  remarkably  tough,  and  displayed  the 
phenomena  of  "  barking."    (See  Plate  XII.) 

Irons  P  and  Px. 

Record  of  bars  tested  by  tension,  Nos.  921  to  1,046 ;  by  impact,  Nos.  658  to  680;  of 
links,  Nos.  346  to  375;  chemical  analyses,  Nos.  151, 152. 

These  irons  were  made  at  the  same  rolling-mill,  and  when  the  physical 
tests  were  made  upon  Pa?  it  was  considered  to  be  of  the  same  material 
as  P,  and  the  differences  in  their  characteristics  were  attributed  to  vari- 
ations in  the  mechanical  processes  by  which  they  were  produced,  P 
having  received  one  course  of  heating  and  hammering  which  was  omit- 
ted with  Pa?.  Subsequent  chemical  analyses  showed  marked  differences 
in  the  nature  of  the  two  irons.  The  results  of  the  analyses  were  con- 
firmed by  a  letter  from  the  manufacturer,  in  which  he  states  that  he 
perceives  that  the  weak  point  of  previous  lots  (iron  P)  was  the  lack  of 
transverse  strength  when  scored,  and  that  be  has  in  this  lot  (Px)  over- 
come the  difficulty  without  essentially  lowering  the  tensile  strength. 
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This  was  effected  by,  first,  the  selection  and  rigid  paddling  of  pig-iron, 
as  free  from  phosphorus  as  possible,  and  then  using  a  physic  which 
tended  to  eliminate  the  silicon  and  sulphur,  and  then  to  the  omission  of 
the  hammering.  The  result  of  these  experiments  by  the  manufacturer 
to  correct  the  defects  found  at  the  testing-machine,  was  the  produc- 
tion of  a  superior  chain  iron,  which  resisted  impact  well  and  welded 
firmly.  The  appearance  of  its  fracture  by  impact  is  shown  in  Plate 
XIII,  Fig.  1,  and  when  tested  as  cable  it  developed  from  159  to  1G9, 
averaging  104  per  cent,  of  bar's  strength,  iron  P  having  averaged  154 
per  cent,  by  irregular  factors. 

Part  2. 


Comparison  of  Chemical  and  Physical  Results. 

Variations  in  the  physical  qualities  of  iron  may  be  due  to  different 
composition,  or  to  different  treatment  in  manufacture,  or  to  both  these 
complex  causes.  In  order  to  determine  the  specific  causes  of  variation, 
one  class  of  altering  conditions  should  be  made  to  vary  largely,  while 
the  other  classes  should  be  kept  uniform.  Then  another  class  should  be 
varied,  and  so  on,  until  the  value  of  each  is  ascertained.  As  all  the 
irons  under  consideration  were  intended  to  have  that  purity  and  refine- 
ment which  was  deemed  indispensable  in  chain  cables,  their  chemical 
analyses  are  perhaps  more  important  in  proving  that  physical  variations 
result  chiefly  from  treatment  than  in  pointing  out  the  specific  effects 
of  certain  ingredients.  While  the  subject  of  treatment,  especially  the 
increase  of  strength  by  greater  reduction  in  rolling,  may  be  the  more 
important  one,  it  can  be  best  appreciated  after  we  have  familiarized  our- 
selves with  the  general  chemical  and  physical  characters  of  the  irons. 
The  typical  facts  are  given  in  the  following  tables : 


Table  I.— Relative  values 
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Table  I.  Relative  values  of  irons  in  bars,  in  tenacity,  reduction  of 
area,  and  elongation,  and  in  proportion  of  chain  to  bar. 

Table  II.  Analyses  of  the  irons. 

Table  III.  Summary  of  principal  physical  and  chemical  characteris- 
tics of  sixteen  irons. 

Under  the  head  of  phosphorus  the  leading  chemical  and  physical  facts 
about  each  iron  likely  to  be  affected  by  this  element  are  compared,  and 
then  the  group  of  irons  is  considered  and  a  conclusion  is  reached;  under 
the  head  of  silicon  the  irons  are  again  gone  over  in  a  similar  manner, 
and  so  on  with  carbon  and  other  ingredients.  A  description  of  a  few- 
irons  in  which  composition  should  have  the  greatest  influence  on  strength 
will  suffice  to  introduce  these  conclusions. 

EFFECTS  OF  PHOSPHORUS. 

Iron  0.— P.  0.07,  Si.  0.07,  C.  0.04.    Slag  medium. 

Chemical  impurities,  all  very  low. 

The  iron  had  been  thoroughly  worked. 

Tenacity  as  bar  and  as  link  very  low. 

Ductility  as  bar  and  as  link  very  high. 

Welds  very  good. 

Low  phosphorus  does  not  alone  account  for  these  qualities.  Iron  P, 
with  P.  0.20,  Si.  0.16,  and  0. 0.03,  has  about  the  same  tenacity  and  weld- 
ing power,  and  approaches  the  same  ductility.  Iron  P,  with  P.  0.25,  Si. 
0.18,  and  C.  0.033,  has  about  equal  ductility,  but  inferior  welding  quali- 
ties. Seeing  that  the  thorough  working  of  the  small  bars  decreased 
welding  power,  as  compared  with  that  of  the  less-compressed  large 
bars,  it  is  probable  that  method  of  manufacture  is  an  important  factor 
in  all  physical  results.  The  effects  of  low  phosphorus  are  not  conspicu- 
ous. 

Iron  P.— P.  0.25,  Si.  0.18,  O.  0.03.    Slag  very  low. 

P.  rather  high,  C.  medium;  other  impurities  low. 

Tenacity  high  as  bar;  irregular  as  link. 

Ductility  high  when  not  nicked;  low  when  nicked.  Welding  value, 
medium  through  overwork,  and  possibly  high  P. 

Iron  Px.— P.  0.09,  Si.  0.028,  C.  0.66. 

This  iron  had  the  highest  average  of  good  qualities  of  the  commercial 
bars  examined,  and  was  the  best  for  general  construction  purposes.  The 
characteristic  effects  of  phosphorus,  might,  previous  to  our  investigation 
into  the  effects  of  reduction,  have  been  considered  as  shown  by  the 
behavior  of  two  specimens,  one  of  iron  P  and  one  of  Px,  made  in  the 
same  way,  except  that  one  course  of  piling  and  hammering  was  omitted 
from  Px,  viz: 

1"  bar  iron  P,  phos.  0.25,  tenacity  57,807  pounds,  elongation  19  per  cent. 

If"  bar  iron  Px,  phos.  0.09,  tenacity  54,212  pounds,  elongation  24  per 
cent. 

But  this  increased  tenacity  and  decreased  ductility  of  the  smaller  bar 
are  not  due  to  P.  alone;  it  had  Si.  0.18  against  Si.  0.03,  and  it  had  more 
reduction  in  the  rolls. 

The  difference  in  the  tenacity  of  the  bars  of  the  same  sizes  of  iron  P, 
which  may  be  considered  as  probably  of  similar  composition,  was  nearly 
5,000.  pounds,  while  between  the  bars  in  question,  of  P  and  Px,  it  was 
but  3,600  pounds. 

P.  may  have  affected  the  welding  qualities  and  the  ductility,  as  Px, 
with  much  less  of  this  element,  welded  much  better  and  had  greater 
powers  of  resisting  sudden  strains. 
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Iron  D.— P.  0.18  (0.12  to  0.24),  Si.  0.15,  C.  0.03.    Slag  low. 

Carbon  low ;  other  imparities  medium. 

Different  bars  very  differently  worked. 

Tenacity  high  as  bar  link. 

Ductility  medium  as  bar  and  link. 

Welds  very  good. 

There  are  various  proofs  that  low  phosphorus,  oven  with  low  silicon, 
do  not  make  high  ductility,  and  that  the  amount  of  reduction  is  the 
more  important  factor.    For  instance : 

1"  bar,  P.  0.24,  Si.  0.17,  has  tenacity  per  square  inch,  61,000  pounds ; 
elongation,  26  per  cent. 

1£"  bar,  P.  0.16,  Si.  0.11,  has  tenacity  per  square  inch,  56,000  pounds ; 
elongation,  23  per  cent. 

2"  bar,  P.  0.21,  Si.  0.16,  has  tenacity  per  square  inch,  49,146  pounds ; 
elongation,  0.07  per  cent. 

The  welds  of  the  medium  sized  and  worked  bars  were  best,  but  all 
were  good.    No  harmful  effect  of  phosphorus  can  be  traced  in  this  iron. 

Iron  B  welded  best,  and  had  P.  0.23  and  C.  0.015. 

Iron  F.— P.  0.20,  Si.  0.16,  C.  0.03.     Slag  low. 

Carbon  low ;  other  impurities  medium. 

Iron  suitably  worked  for  welding,  and  very  uniform. 

Tenacity  as  bar  and  as  link  very  low. 

Ductility  high. 

Welding  power  good. 

The  remarkable  uniformity  of  this  iron  proves  it  to  have  been  made 
with  great  care  from  selected  materials.  Why  its  tenacity  is  so  low  it  is 
difficult  to  say  on  chemical  grounds.  The  same  iron,  Fx,  more  worked, 
gives  a  medium  tenacity,  with  substantially  the  same  analysis.  Iron  A, 
with  less  P.,  Si.,  and  C.*,  is  stronger.  Iron  E  has  lower  P.,  the  same  Si., 
and  only  0.02  C,  and  yet  a  higher  tenacity. 

Iron  Fx  (F  more  worked.)— P.  0.19,  Si.  0.17,  C.  0.03. 

Ingredients  substantially  the  same  as  in  F. 

Iron  much  more  worked  than  F. 

Tenacity  medium  in  link  and  bar. 

Ductility  good. 

Welding  power  below  medium. 

Iron  B P.  0.23,  Si.  0.16,  C.  0.015. 

P.  rather  high,  Si.  medium,  and  C.  very  low. 

Iron  not  sufficiently  worked  for  strength. 

Tenacity  rather  low. 

Ductility  quite  low. 

Welds  very  good. 

Notwithstanding  the  extremely  low  C,  the  iron  was  not  ductile.  P. 
may  well  account  for  this,  but  not  for  low  tenacity,  as  some  of  iron  P 
had  more  P.  and  much  higher  tenacity.  Low  C.  may  partly  account  for 
low  tenacity  and  good  welds,  but  small  reduction  seems  to  be  an  equal 
cause.    High  P.  did  not  prevent  excellent  welding. 

Iron  M.— P.  0.22  (0.21  to  0.32),  Si.  0.18  (0.16  to  0.26).  C.  0.04,  K  0.18 
(0.03  to  0.34),  Cu.  0.34  (0.13  to  0.43).     Slag  various. 

P.  rather  high ;  Si.  above  medium  ;  copper  and  nickel  high  ;  C.  rather 
low. 

The  amount  of  work  the  iron  received  can  only  be  inferred  from  the 
sizes  of  tho  bars. 

Tenacity  considerably  above  average. 

Ductility  average. 

Welds  weak. 
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The  character  of  this  iron  is  so  complex,  and  its  physical  character 
varies  so  much  in  the  same-sized  bars,  that  no  satisfactory  analysis  of 
the  data  can  be  made.  It  seems  certain,froin  a  comparison  of  the  tables, 
that  neither  copper,  nickel,  cobalt,  nor  slag  materially  affected  strength. 
The  effects  of  these  ingredients  on  welding  will  be  considered  under 
another  head.* 

Conclusions  about  phosphorus. — The  best  of  these  irons  average  P.  0.09 
to  0.20.  The  extreme  limits  are  0.065  and  0.317.  A  soft  boiler-plate 
steel  might  have  the  former  amount;  the  latter  would  give  high  tenacity 
and  brittleness  to  even  a  luw-carbon  steel.  The  investigations  have 
been  made  so  difficult  by  the  chemical  similarity  and  general  purity  of 
most  of  the  irons,  and  by  their  various  degrees  of  reduction  in  rolling, 
that  the  effect  of  phosphorus  cannot  be  independently  traced.  While 
special  bars  having  chemical  and  structural  conditions  otherwise  similar 
seem  to  be  increased  in  tenacity  and  brittleness  by  high  phosphorus, 
other  bars  low  in  this  element  are  not  the  mildest. 

The  phosphorus  (average  in  each  iron)  runs  very  irregularly,  as  follows, 
beginnipg  with  the  highest  of  the  following  physical  values:  Tenacity , 
0.72,  0.15,  0.20,  0.17,  0.22,  0.25,  0.19,  0.19,  0.09,  0.15,  0.19,  0.23,  0.18, 
0.20,  0.20,  0.07.  Reduction  of  area,  0.07,  0.18,  0.09,  0.20,  0.15,  0.25,  0.19, 
0.19,  0.20,  0.22,  0.17,  0.15,  0.23,  0.19,  0.07,  0.20.  Elongation,  0.09,  0.25, 
0.07,  0.18,  0.19,  0.20,  0.19,  0.22,  0.20,  0.19,  0.15, 0.17,  0.15,  0.23,  0.20,  0.07. 

It  may  be  generally  stated  that  phosphorus  0.10,  with  carbon  about 
O.03  and  silicon  under  0.15,  gave  the  best  chain  cable  irons  of  this  group. 
One  of  the  best  irons,  however,  had  P.  0.23,  although  low  tenacity  and 
high  ductility  are  the  chief  requirements  of  such  irons. 

The  effects  of  the  different  constituents  on  welding  will  be  considered 
under  that  head. 

EFFECTS   OF   SILICON. 

See  foregoing  descriptions  of  irons  0,  P,  F,  pnd  M . 

The  iron  F,  which  is  among  the  highest  in  silicon,  did  this  element 
cause  the  very  low  tenacity  despite  the  Mr  amount  of  P.  (0.20)?  If  so, 
Si.  must  affect  tenacity  more  than  it  affects  ductility.  But  this  is  not 
the  fact.  In  iron  J,  ductility  as  well  as  tenacity  is  reduced  very  low  by 
high  Si.  (0.27). 

Iron  J.— Si.  0.27  (0.18  to  0.32),  P.  0.20,  O.  0.35.    Slag  average. 

Silicon  high;  other  impurities  medium. 

Iron  not  overworked. 

Tenacity  very  low  in  bar  and  link. 

Ductility  very  low  in  bar  and  link. 

Weld  rather  bad. 

There  was  no  apparent  chemical  or  physical  cause  for  this  low 
strength,  except  excessive  silicon.  Under  sledge  blows  the  bars  split 
as  often  as  they  broke  off,  and  the  faces  of  the  fracture  were  like  layers 
of  charcoal,  although  both  carbon  and  slag  were  medium. 

Conclusions  about  Silicon. — No  ingredient  of  steel  is  less  understood 
than  this  one.  The  technical  managers  of  the  Terrenoire  Works  in 
France,  who  have  been  notably  successful  in  their  steel  manufactures 
founded  on  chemical  induction,  especially  in  the  manufacture  of  sound 


*  Chromium  occurs  only  in  iron  M,  four  analyses  of  which  show  Cr.  0.061  to  0.089. 
As  this  element  is  known  to  increase  the  tenacity  of  steel,  it  may  have  brought  iron  M 
up  to  a  good  standard  of  tenacity  without  helping  its  other  structural  qualities.  These 
experiments  give  no  absolute  evidence  as  to  the  effects  of  chromium,  but  it  may  be 
said  that  when  mere  teuaeity  is  made  the  criterion  of  fitness,  an  iron  like  M  may  be 
found  which  will  meet  that  requirement  and  still  prove  untrustworthy  for  cables. 
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steel  castings  which  coutain  a  large  amount  of  Si.,  believe  that  this  in- 
gredient, up  to  the  amount  contained  in  most  of  the  irons  we  are  con- 
sidering, does  not  decrease  the  tenacity  or  ductility  of  steel.  And  it  is 
true  that  good  steels  are  made  by  various  processes  with  as  much  as 
0.20  Si.  It  is  believed  by  the  Terrenoire  managers  that  silica  is  the 
cause  of  the  bad  effects  usually  attributed  to  silicon.  The  table  of  ana- 
lyses will  show  that,  iu  this  case,  the  ore  has  not  been  mistaken  for  the 
metal.  The  slag,  which  contains  the  silica,  has  been  separately  deter- 
mined. Why  wrought  iron  should  differ  from  steel  in  respect  of  the 
effects  of  Si.  we  have  not  so  far  been  able  to  determine,  if,  indeed,  it 
does  so  differ.  It  can  only  be  said,  with  reference  to  this  series  of  ex- 
periments, that  there  is  an  apparent  decrease  of  strength  due  to  an  ex- 
cess of  this  element,  while  the  effects  of  medium  amounts  of  it  are  over- 
shadowed by  larger  causes.  The  extremes  of  Si.  were  0.028  and  0.321. 
In  the  best  irons  it  averaged  about  0.15.  It  ran  as  follows,  with  a  reg- 
ularly decreasing  order  of  value :  In  Tenacity,  0.09,  0.15,  0.15,  0.15,  0.18, 
0.18,  0.17,  0.10,  0.03,  0.16,  0.16,  0.10,  0.14,  0  27,  0.10,  0.07.  Reduction  of 
area,  0.07,  0.14,  0.03,  0.16,  0.16,  0.18,  0.16,  0  16,  0.15,  0.18,  0.15,  0.15,  0.16, 
0.17,  0  00,  0.27.  Elongation,  0.03,  0.18,  0.07,  0.14,  0.16,  0.16,  0.16,  0.18, 
0.15,  0.17,  0.16,  0.15,  0.15,  0.16,  0.27,  0.09. 


EFFECTS   OF  CARBON. 

See  foregoing  remarks  on  iron  B,  in  which  C.  is  extremely  low. 

Iron  L.— C,  average  0.35,  highest  0.51;  P.,  0.10;  Si.,  0.10.    Slag  low. 

Carbon  very  high ;  other  impurities  quite  low. 

Tenacity  as  bar  highest. 

Ductility  as  bar  and  link  lowest. 

Welding  power  most  imperfect,  decreasing  as  O.  increases. 

The  following  table,  from  a  paper  by  William  Hackney,  esq.,*  is  val- 
uable in  this  connection,  as  showing  the  amounts  of  C.  in  various  well- 
known  brands  of  wrought  iron  and  steel : 

Percentages  of  carbon  in  some  varieties  of  iron  and  steel. 

SERIES  OF  THE  IRONS.  SERIES  OF  THE   STEELS. 


Description. 
Soft  puddled  iron. .. 


Armor  plates  . 


Iron  rail... 

Lowmoor  boiler-plate 

Staffordshire  boiler-plate . 

Russian  bar- iron 


Swedish  iron  bar 


Steely  puddled  iron 

Iron  made  by  Catalan  pro- 1 
cess  direct  from  the  ore. .  ( 

Soft  puddled  steel 

Puddled  steel  rail 

Hard  puddled  steel 


Percentage 
of  carbon. 

. .     trace  * 

O.OlGt 

0.033t 

0044t 

0.09* 

0.10* 

O.lUt 

0.272t 

0.340t 

0.054t 

0.087t 

0.386t 

0.30  to  0.40* 
tracest 
0.420t 
0.5W 
0.55t 
1.380t 


Description. 


Percentage 
of  carbon. 


Extra  soft    Fagersta  Bes- 
semer steel 0.085$ 

Extra  soft  Dowlais  Besse- 
mer steel  0.13511 

Crewe    boiler-plate   steel, 

Bessemer  process 0.22  to  0.24H 

Locomotive    crank  •  axles,  (  0.31* 

Seraing  Bessemer  steel..  \  0.49* 

Locomotive  crank-axle,  by 

Vickers,  Sheffield 0.46* 

Rails  and  tires 0.30  toO.50 

Bessemer  spring-steel 0.45  to  0.55* 

Crucible  steel : 

For  masons1  tools 0.6* 

For  chipping  chisels 0.75* 

Crank- axle  (by  Krupp).  1.03* 

Gun  (by  Krupp) l.lSt 

Forflatfiles 1.20* 

Forged  Iudian  wootz 1. 645t 


•Read  before  the  Institution  of  Civil  Engineers,  Loudon,  April.  1875. 
*  A.  Willis.  t  J.  Percy.  *  A.  Greiner. 

$  D.  Forbes.  |  Snelua.  IFF.  W.  Webb. 
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The  obvious  conclusions  are :  1st.  That  any  wrought  iron,  of  whatever 
ordinary  composition,  may  be  welded  to  itself  in  an  oxidizing  atmos- 
phere at  a  certain  temperature,  which  may  differ  very  largely  from  that 
one  which  *is  vaguely  known  as  a  "  welding  heat."  2d.  That  in  a  non- 
oxidizing  atmosphere,  heterogeneous  irons,  however  impure,  may  be 
soundty  welded  at  indefinitely  high  temperatures. 

These  speculations  may  throw  little  light  on  the  subject  of  welding. 
They  are  introduced  for  the  purpose  of  indicating  the  direction  of  further 
inquiry  and  experiment,  and  of  impressing  the  necessity  of  caution  in 
arriving  at  conclusions  about  these  irons  from  the  limited  data  afforded 
by  these  experiments. 

In  reviewing  the  experiments  with  reference  to  welding,  and  under  the 
precautions  mentioned,  let  us  observe: 

1st.  All  the  irons  were  so  very  low  in  sulphur  that  this  ingredient 
could  not  have  materially  affected  welding  power. 

2d.  As  we  shall  see  in  detail,  farther  on,  the  irregular  differences  in 
the  working  and  reduction  of  the  bars  which  affected  all  other  physical 
properties  affected  this  one  also. 

Let  us  first  take  the  singularly  impure  iron  M .  Its  surfaces  were 
pretty  well  united  by  welding,  but  the  iron  about  the  weld  was  weakened, 
especially  at  a  high  heat.  Of  124  ruptures  of  links  made  of  this  iron,  79 
were  through  the  weld,  and  the  iron  was  little  distorted.  Of  811  rup- 
tures of  links  made  of  other  irons,  hut  37  were  through  the  weld. 

The  1£"  bar  of  iron  H  presents  an  exception ;  it  stands  high  on  the 
list  in  welding  capacity,  and  contains  copper  0.31  (average  Cu.  in  iron  21 
0.34).  Its  phosphorus,  slag,  and  silicon  are  about  average.  But  the  bar 
is  also  remarkable  in  containing  nickel  0.35  and  cobalt  0.11.  Did  these 
ingredients  neutralize  the  copper  under  this  special  treatment  f  No 
other  irons  contain  any  notable  amount  of  them,  except  iron  A,  which 
has  Co.  0.07  and  Ni.  0.08;  but  it  also  has  Cu.  0.17.*  The  welds  of  this 
iron  were  very  strong,  the  links  breaking  oftener  at  the  butt  than  at  the 
weld. 

Two  links  made  from  iron  M  were  analyzed  from  specimens  taken  at 
the  weld  end  and  at  the  butt  end.  The  weld  end  had  been  reheated  and 
hammered  twice ;  the  butt  end  had  not  been  hammered,  and  had  received 
second  heat  only  by  conduction  from  the  other  end.  The  analyses  show 
that  silicon  and  slag  only  were  materially  affected  by  twice  heating  and 
hammering,  as  follows : 

Si.  Slag. 

IronM,  H"  bar,  weld  end 0.182  0.938 

IronM,  H"  bar,  butt  end 0/203  1.074 

IronM,  1|"  bar,  weld  end 0.177  1.3P8 

IronM,  lj"  bar,  butt  end 0.261  1.732 

In  oxodizing  to  silica  the  Si.  diffused  a  small  amount  of  flux,  which 
should  have  helped  welding  by  preventing  oxidation  or  by  carrying  off 
oxide  of  iron,  or  both ;  but  the  amount  was  so  very  small  in  this  case 
that  its  effect  cannot  be  traced.  Nor  does  irou  J,  in  which  Si.  was  highest 
(0.18  to  0.32),  confirm  this  theory.  Athough  the  other  impurities  were  not 
high,  and  the  iron  was  not  overworked,  it  welded  rather  badly.  The 
value  of  short  chains  is  as  follows:  Best,  Si.  0.16,  0.14,  0.07,  0.03,  0.16, 
0.15,  0.17,  0.15,  0.17,  0.18,  0.16,  0.18,  0.15,  and,  including  J,  0.37. 

Phosphorus,  up  to  the  limit  of  £  per  cent.,  had  not  a  notable  effect  on 
welding.    It  was  lowest  in  iron  0,  which  welded  soundly,  but  all  iin- 

*This  iron  may  have  received  the  copper  while  being  rolled  in  a  train  ordinarily 
used  for  copper  at  the  navy -yard,  Washington,  D.  C,  where  it  was  manufactured. 
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purities  were  low,  and  welding  power  was  traced  to  the  redaction  of  the 
bar  by  direct  experiment.  The  same  is  true  of  iron  P.  Omitting  one 
course  of  piling  and  hammering  largely  helped  its  welding  power.  Iron 
P  welded  badly,  not  necessarily  on  account  of  its  P.  0.25;  for  iron  B, 
with  P.  0.23,  and  iron  D,  with  P.  0.18,  welded  soundly.  Iron  H  had  high 
P.,  0.23  (0.21  to  0.32).  While  its  surfaces  stick  together  pretty  well,  the 
links  broke  through  the  weld  when  they  were  made  at  a  high  heat,  which 
may  be  accounted  for  by  the  fact  that  phosphorus  increases  fluidity,  and 
hence  capacity  for  oxidation.  The  value  of  short  chains  is  in  the  follow- 
ing order:  Best,  P.  0.23,  0.18,  0.07,  0.09,  0.20,  0.20,  0.19,  0.17,  0.19,  0.25, 
0.19,  0.22,  0.15. 

Carbon  notably  affected  welding.    It  ran  as  follows  in  connection . 
with  regularly  decreasing  welding  power:  Best,  C.  0.015,  0.002,  0.043, 
0.066,  0.026,  0.032,  0.032,  0.042,  0.055,  0.033,  0.032,  0.0044,  0.68,  and,  in- 
cluding L,  0.351. 

The  weld-steel,  or  steely  iron,  L  (C.  0.035),  when  treated  by  the  uni- 
form method  usually  adopted  for  chain-cable  irons,  made  the  worst  welds. 
Iron  K,  with  carbon  so  low  as  0.07,  made  bad  welds,  although  it  was 
otherwise  a  good  average  chain-iron,  with  a  medium  amount  of  impurity. 
Carbon,  in  a  greater  degree  than  phosphorus,  promotes  fluidity,  hence 
the  iron  is  "burned"  at  the  ordinary  welding  temperatures  of  low-carbon 
irons. 

Slag  was  highest  (2.26  per  cent.)  in  the  2"  bar  of  iron  K,  which  welded 
less  soundly  than  any  other  bar  of  the  same  iron,  and  below  average  as 
compared  with  the  other  irons.  Slag  should  theoretically  improve  weld- 
ing, like  any  flux,  but  its  effects  in  these  experiments  could  not  be  defi- 
nitely traced. 

WHAT  IS  LEARNED  FROM  CHEMICAL  ANALYSIS. 

So  far,  it  may  appear  that  little  of  use  to  the  makers  or  the  users  of 
wrought  iron  has  been  learned.  But  it  should  be  remembered  that  all 
these  irons  were  intended  to  be  as  nearly  as  possible  alike,  and  to  be 
adapted  to  the  peculiar  use  of  chain-cable.  The  makers  generally  un- 
derstood the  necessary  conditions,  and  every  eifort  was  made  to  reach 
this  special  standard  of  excellence.  Had  it  been  reached,  the  irons 
would  have  all  been  exactly  alike  in  physical  character,  and  presumably 
similar,  although  not  necessarily  alike  in  chemical  character,  for  certain 
ingredients  may  replace  others  within  limits  which  are  perhaps  narrow. 
Certainly  the  attempt  to  make  all  the  irons  conform  to  a  well-ki  own 
standard  of  quality  was  the  worst  possible  way  to  ascertain  the  distinc- 
tive effects  of  the  various  altering  ingredients.  In  order  to  make  this 
latter  determination,  one  series  of  irons  should  have  been  made  as  uni- 
form sis  possible  in  all  ingredients  except  oue,  for  instance  phosphorus, 
and  that  one  should  have  been  varied  as  much  as  possible.  Another 
series  should  have  been  alike  except  in  silicon,  and  so  on  through  the  list 
of  altering  ingredients.  The  series  of  tests  which  the  board  has  under- 
taken on  steels  was  devised  upon  this  principle.  It  was,  however,  thought 
best,  after  the  physical  tests  of  these  irons  were  completed,  to  subject 
them  to  analysis,  in  the  hope  that  some  good  result  would  follow.  This 
hope  has  been  realizedin  an  unexpected  and  somewhat  surprising  manner. 

1st.  The  want  of  uniformity  in  the  chemical  composition  of  the  same 
brand  of  iron  is  a  conspicuous  defect  which  is  readily  accounted  for.  In 
iron  H  silicon  varied  from  0.16  to  0.26 ;  in  iron  J  it  varied  from  0.18  to 
0.32  5  in  iron  D  phosphorus  varied  from  0.12  to  0.24,  and  in  iron  J  from 
0.14  to  0.29. 
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Starting  with  a  uniform  pig-iron,  tlio  puddling  process  may  or  may  not 
remove  a  large  amount  of  silicon,  phosphorus,  and  carbon,  accordiug  to 
the  temperature  and  agitation  of  the  bath,  the  u  fix"  used  iu  the  furnace, 
and  from  many  causes  under  the  puddler's  control,  and  dependent  on 
his  knowledge  and  skill. 

Such  variations  wonld  be  entirely  inadmissible  in  the  most  common 
grades  of  steel ;  iu  fact,  they  could  not  occur  in  the  cheap-steel  processes, 
when  using  a  uniform  pig-iron,  except  by  a  special  effort.  In  the  Besse- 
mer process  the  completion  of  the  oxidation  of  silicon  and  carbon  is  ob- 
vious to  the  inexpert  observer ;  in  the  open -hearth  process  unmistaka- 
ble tests  are  taken  during  the  operation.  The  character  of  steel  can  be 
surely  predicated  on  the  analysis  of  its  materials ;  that  of  wrought  iron 
is  altered  by  subtile  and  unobserved  causes.  Should  it  be  urged  in 
favor  of  wrought  iron  that  P.  can  be  largely  removed  during  its  manu- 
facture, while  in  the  steel  manufacture  it  cannot  be,  it  may  be  answered 
that  there  is  an  abundance  of  pig  irons  which  do  not  contain  much  P., 
and  it  is  better  to  be  sure  of  a  definite  amount  of  a  deleterious  ingredi- 
ent than  to  run  the  risk  of  a  variable  amount. 

We  are  uot  prepared  to  show  the  exact  effect  of  varying  reduction  on 
steel.  Ingots  of  the  same  grade  of  steel,  from  G"  square  to  14"  square, 
are  employed  for  the  same  sized  bars;  the  larger  ones  are  preferred, 
notwithstanding  the  greater  cost  of  working  them,  not  because  small 
ingots  will  not  make  good  bars,  but  because  they  make  too  much  scrap. 
Steel  depends  comparatively  lightly  on  condensation  for  its  density,  but 
very  greatly  on  its  being  cast  from  a  fluid  state.  It  is  a  crystalline 
mass  in  both  large  and  small  ingots,  and  not  a  bundle  of  fibers  of  iron 
more  or  less  compacted. 

2d.  This  matter  of  varying  strength  due  to  varying  reduction — the 
most  important  developed  by  the  series  of  experiments— is  made  all  the 
more  certain  and  useful  by  the  analyses ;  for  without  a  knowledge  of 
the  composition  of  the  bars  and  of  the  specific  effects  of  different  ingre- 
dients, a  part  of  the  variation  now  traced  to  reduction  might  have  been 
attributed  to  composition. 

It  may  be  stated  in  general  terms  that,  notwithstanding  this  attempt 
at  uniformity,  the  differences  in  reduction  in  the  rolling-mill  from  pile 
to  bar  caused  as  much  variatiou  in  the  physical  qualities  of  these  irons 
as  did  the  differences  iu  the  chemical  composition  of  the  whole  series  of 
irons,  excepting  the  steely  iron  L.  The  highest  difference  in  tenacity, 
due  apparently  to  varying  reductions,  is  11,969  pounds  per  square  inch. 
The  highest  difference  between  the  average  tensional  resistances  of  all 
the  irons  (excepting  the  steely  iron  L),  due  to  all  causes,  is  but  7,109 
pounds.    The  following  illustrations  are  more  in  detail: 

IRON  p. 

Pounds 
per  sq.  in. 

Tenacity  of  1"  bar  (1.74  per  cent,  of  pile)  above  2"  (6.88  per  cent,  of  pile). ..      6, 973 
Elastic  limit  of  1"  bar  (1.74  per  cent,  of  pile)  above  2"  (6.98  per  cent,  of  pile).      7, 352 

IRON  P.— SECOND  LOT. 

Tenacity  of  H"  bar  (2.76  per  cent,  of  pile)  over  2"  (5.23  per  cent,  of  pile) 4, 698 

Elastic  limit  of  H"  bar  (2.76  per  cent,  of  pile)  over  2"  (5.23  per  cent  of  pile) .      3, 227 

IRON  F.— THIRD  LOT. 

Tenacity  of  i"  bar  (1.60  per  cent,  of  pile)  over  2i"  (6.13  per  cent,  of  pile)  per 
square  inch 9,666 
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Pounds. 
Tenacity  of  f"  bar  (3.68  per  cent,  of  pile)  over  4"  (15.70  per  cent,  of  pile)  per 

square  inch l 7,786 

Elastic  limit  of  f  "  bar  (3.68  per  cent,  of  pile)  over  4"  (15.70  per  cent,  of 

pile)  per  square  inch 15,045 

Tenacity  of  1"  bar  '3.14  per  cent,  of  pile)  over  4"  (15.70  per  cent  of  pile)  per 

square  inch 1 4,806 

iron  x. 

Tenacity  of  IV'  bar  (6.62  per  cent,  of  pile)  above  2"  (11.36  per  cent,  of  pile) 
per  square  inch 4,395 

IRON  A. 

Tenacity  of  1"  bar  (3.14  per  cent,  of  pile)  over  2"  (8.72  per  cent,  of  pile)  per 
square  inch 4,519 

IRON  D. 

Difference  in  phosphorus  in  1"  and  2"  bars,  0.02S;  other  ingredients  about 
Tenacityof  1"  bar  over  2"  bar 11,969 

The  following  are  comparative  results  of  composition: 

COMPARATIVE  TENACITY  PER  SQUARE  INCH. 

On  iron  highest  in  average  qualities  over  the  one  lowest  in  impurities....      3,136 
Of  most  tenacious  steely  iron  (carbon  0.35)  over  least  tenacious  (carbon 
0.04) 15,464 

3d.  The  variation  of  welding  power  by  reduction,  in  a  greater  degree 
than  by  composition,  has  already  been  shown  in  detail.  Chemical  anal- 
yses were  necessary  to  establish  this  fact. 

4th.  To  the  steelmaker  and  user  it  will  appear  somewhat  remarkable 
that  phosphorus  may  run  up  to  nearly  a  quarter  of  1  per  cent.,  in  good 
chain-cable  irons,  when  it  is  considered  that  low  tenacity  and  high  duc- 
tility are  the  essential  features  of  such  irons,  and  that  the  effect  of  this 
ingredient  is  to  produce  exactly  opposite  results.  Suitable  working 
probably  counterbalanced  its  effects. 

5th.  The  comparison  of  chemical  and  physical  results  suggests  a  num- 
ber of  experiments  which  would  go  far  to  settle  vexed  questions  and 
improve  the  practice,  especially  with  regard  to  welding. 

(1.)  Regarding  slag,  it  has  been  shown  that  a  larger  amount  is  some- 
times found  in  a  well-worked  than  in  a  less-reduced  iron,  and  that  its 
effects  are  uncertain.  Experiments  should  be  arranged  to  show  what 
composition  of  slags  will  readily  come  out  of  the  pile  in  rolling;  whether 
2-high  or  3-high  trains  will  best  remove  them,  and  how  much  and  what 
kind  of  slag  affects  strength  and  welding.  A  stable  oxide  of  iron,  which 
w.ould  probably  do  the  most  harm,  could  be  formed  bj-  blowing  super- 
heated steam  upon  red-hot  bars  before  piling.  It  might  be  proved  that 
very  fusible  slags,  or  fluxes,  should  be  placed  in  the  pile  to  protect  sur- 
faces from  oxidation  and  to  wash  away  less  fusible  impurities. 

(2.)  It  has  already  been  suggested  that  special  irons,  having  respect- 
ively a  certain  ingredient  in  excess  and  the  others  low  and  uniform, 
should  be  made,  in  order  to  ascertain  in  a  conspicuous  manner  the 
physical  effects  of  the  various  ingredients. 

(3.)  Referring  to  a  previous  recapitulation  of  remarks  on  welding: 
The  effects  of  very  different  temperatures  on  irons  varying  in  composi- 
tion, at;  compared  with  that  uuiforinly  high  temperature  usually  known 
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as  a  "welding  heat,"  should  be  much  more  carefully  ascertained.  And 
the  effects,  and  more  especially  the  means  of  welding  in  a  non-oxidizing 
tiame,  where  mobility  of  surfaces  can  be  got  without  "burning,"  should 
be  made  the  subject  of  elaborate  experiments.  The  excellent  welding 
of  a  heterogeneous  mass  of  steel  and  iron,  protected  from  oxidation  by 
being  placed  in  an  iron  box  which  will  stand  a  high  heat,  has  been  re- 
ferred to.  The  system  of  gas-welding,  by  which  Mr.  Bertram  welded 
boilers,  at  Woolwich,  twenty  years  ago,  has  since  been  in  regular  use 
by  the  Butterly  Company,  in  England,  for  joining  the  members  of 
wrought-iron  beams  of  large  section.  It  should  seem  within  the  power 
of  modern  engineering  and  chemistry  to  provide  means  for  the  perfec- 
tion in  a  non-oxidizing  atmosphere  of  welds  like  those  of  ships'  cables 
and  bridge  links,  upon  which  hang  so  many  lives  and  so  much  treasure. 

CONCLUSIONS    DERIVED    PROM  A    COMPARISON     OF     CHEMICAL    AND 

PHYSICAL  RESULTS. 

I.  Although  most  of  the  irons  under  consideration  are  much  alike  iu 
composition,  the  hardening  effects  of  phosphorus  and  silicon  can  be 
traced,  and  that  of  carbon  is  very  obvious.  Phosphorus  up  to  0.10  per 
cent,  does  not  harm  and  probably  improves  irons  containing  silicon  not 
above  0.15  and  carbon  not  above  0.03.  !None  of  the  ingredients,  except 
carbon,  in  the  proportions  present,  seem  to  very  notably  affect  welding 
by  ordinary  methods. 

II.  The  strength  of  wrought  iron  and  its  welding  power  by  ordinary 
methods  are  varied  more  by  the  amount  of  its  reduction  in  rolling  than 
by  its  ordinary  differences  in  composition.  Uniform  strength  may  be 
promoted  by  uniform  reduction,  but  only  at  such  increased  cost  of  man- 
ufacture that  the  practice  is  not  likely  to  obtain.  Therefore,  the  reduced 
strength  of  large  bars  made  by  ordinary  methods  should  be  considered 
in  designing  machinery  and  structures. 

III.  In  accordance  with  these  facts,  the  United  States  Test  Board  has 
shown,  by  trial,  the  unsafety  of  the  Admiralty  proof  tables  for  chain- 
cable,  and  has  prepared  new  ones,  and  also  new  tables  of  the  strength 
of  different-sized  bars.  The  Board  has  demonstrated  that  the  teuacity 
of  2"  bar  for  chain  cable  should  be  between  48,000  and  52,000  pounds 
per  square  inch,  and  of  1"  bar  between  53,000  and  57,000  pounds,  and 
that  stronger  irons  than  these  make  worse  cables  because  they  have 
low  ductility  and  welding  power. 

IV.  Chemical  analyses,  made  in  connection  with  physical  tests,  are 
indispensable  to  conclusions  about  either  the  character  or  treatment  of 
iron.  In  this  series  of  experiments  the  demonstration  that  strength  is 
dependent  on  reduction  is  made  more  definite  and  useful  by  the  analyses. 

V.  Aualyses  also  prove  that  the  same  brand  of  wrought  iron  may  be 
heterogeneous  in  composition,  and  they  emphasize  the  previously  known 
fact  that  wrought-iron-making  processes  as  compared  with  the  cheap 
steel  processes  necessarily  give  an  uncertain  character  to  the  former 
material,  while  to  the  latter  the  desired  quality  may  be  imparted  with 
certainty  and  uniformity. 

VI.  The  ordinary  practice  of  welding  is  capable  of  radical  improve- 
ment; the  fact  has  been  fully  demonstrated;  the  means  should  be  made 
the  subject  of  complete  experiments.  The  perfection  of  means  for 
welding  in  a  non-oxidizing  atmosphere  would  seem  to  be  the  promising 
direction  of  improvement. 
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In  submitting  the  foregoing  history  of  their  experiments,  and  deduc- 
tions therefrom,  the  committees  recognize  the  fact  that  much  still  re- 
mains to  be  done  before  either  of  the  investigations  can  be  considered 
complete.  But  having  exhausted  the  time  and  means  at  their  disposal, 
they  are  compelled  to  submit  the  results  as  far  as  accomplished. 

L.  A.  BEARDSLEE, 
Commander,  U.  8.  N".}  Chairman  of  Committees  B,  H,  and  M. 

Q.  A.  GILLMORE, 
Lieut  Col.y  Corps  of  Engineers,  Bvt.  Maj.  Qen.,  U.  8.  A., 
Chairman  of  Committee  B,  Member  of  Committee  D. 
A.  L.  HOLLEY,  C.  E.,  LL.D., 
Chairman  Committee  C,  Member  of  Committee  H. 
WM.  SOOY  SMITH,  C.  E., 
Chairman  of  Committees  E  and  JT,  Member  of  Committees  H  and  M. 

DAVID  SMITH, 
Chief  Engineer,  U.  8.  N.7  Chairman  of  Committee  0, 

Member  of  Committees  B  and  M. 
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REPORT  OF  THE  CHEMIST  OF  THE  BOARD. 


Wateetown  Arsenal,  June  4, 1878. 
Sir  :  I  have  the  honor  to  transmit  herewith  a  detailed  account  of  the 
methods  used  by  me  for  the  analysis  of  the  samples  of  iron,  steel,  copper, 
and  its  various  alloys,  required  for  the  use  of  the  Board. 

Most  of  the  methods  are  well  known,  and  in  only  a  few  cases  can  I 
claim  any  originality. 

As  will  be  seen  by  the  descriptions,  my  first  object  has  been  extreme 
accuracy,  while  rapidity  and  ease  of  manipulation  have  been  considered 
only  when  entirely  consistent  with  this  prime  essential. 

The  necessity  for  this  will  be  apparent  to  any  one  who  understands 
the  ends  sought  by  the  Board ;  and  it  has  been  my  constant  endeavor 
to  keep  these  ends  fully  in  view  at  every  step. 

If  in  any  respect  I  have  failed,  the  fault  has  been  my  own,  for  the 
Board  in  no  case  denied  me  any  facility  or  convenience  necessary  for 
the  successful  prosecution  of  the  work. 

I  am,  very  respectfully,  your  obedient  servant, 

ANDREW  A.  BLAIR, 

Chemist  to  the  Board. 
CoL  T.  T.  S.  Laidley, 

President  United  States  Board  appointed  to  test  iron}  steel,  and  other 
metals. 


METHODS  USED  IS  THE  ANALYSIS  OF  IRON  AND  STEEL, 
COPPER,  AND  THE  ALLOYS  OF  COPPER,  ZINC,  AND  TIN. 
BY  ANDREW  A.  BLAIR,  CHEMIST  TO  THE  BOARD. 

IRON    AND    STEEL. 

SULPHUR. 

Weigh  10  grammes  of  borings  or  drillings,  free  from  lumps,  into  the 
previously  dned  flask  A,  Plate  1.  Close  it  with  a  rubber  stopper  fitted 
with  the  funnel  tube  a  and  a  delivery  tube.  The  small  flask  B  serves 
as  a  condenser,  and  is  fitted  with  an  inlet  tube  reaching  almost  to  the 
surface  of  a  small  amount  of  water  in  the  bottom  of  the  flask,  a  safety 
tube,  6,  dipping  just  below  the  surface  of  the  water  (on  the  top  of  which 
the  rubber  cap  c  is  placed  when  air  is  being  drawn  through  the  apparatus), 
and  an  exit  tube  connected  with  the  first  of  the  two  wide-mouthed  bot- 
tles D.  This  flask  stands  in  a  vessel,  C,  which  is  filled  with  ice-water 
to  cool  the  flask  when  it  becomes  heated.  The  bottles  D  are  about  half 
filled  with  a  dilute  solution  of  oxide  of  lead  in  potassium  hydrate.  Close 
the  stop-cock  of  the  funnel  tube,  and  pour  into  the  bulb,  which  is  of 
about  100  c.  c.  capacity,  a  mixture  of  50  c.  c.  strong  H  CI  and  50  c.  c. 
water.  Place  the  flask  on  the  tripod,  and  connect  the  apparatus.  By 
means  of  the  stopcock  admit  the  acid  very  gradually  into  the  flask,  so 
that  the  evolved  gas  shall  pass  through  the  bottles  D  at  the  rate  of  about 
4  or  5  bubbles  a  second.    When  all  the  acid  has  passed  through  the 
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stop-cock,  close  it  and  pour  into  the  bulb  a  few  c.  c.  of  water,  which  will 
serve  to  carry  down  any  small  amount  of  gas  that  may  collect  below  the 
stop-cock  during  the  subsequent  heating.  Apply  heat  very  gradually, 
keeping  the  rate  of  evolution  of  the  gas  uniform,  until  the  liquid  in  the 
flask  is  heated  to  boiling.  Boil  from  15  to  30  minutes,  then  connect  the 
aspirator  bottles  E,  open  the  stop-cock,  close  the  safety  tube  b  with  the 
cap  c,  and  remove  the  source  of  heat. 

The  apparatus  now  appears  as  in  the  cut,  Plate  1.  Draw  through  2 
or  3  liters  of  air,  disconnect  the  apparatus,  and  wash  the  precipitated 
sulphide  of  lead  in  the  bottle  D  into  a  No.  2  Griffin's  beaker.  Clean 
out  the  tube  and  bottle  with  a  small  piece  of  filter  paper,  and  add  it  to 
the  precipitate.  Collect  the  precipitate  on  a  small  filter,  wash  several 
times  with  hot  water,  and  while  still  moist  throw  the  filter  and  precipi- 
tate back  into  the  beaker,  in  which  has  been  placed  just  an  instant 
previously  some  powdered  K  CI  03  and  about  10  c.  c.  strong  H  CI. 
Digest  it  for  a  few  minutes,  and  then  dilute  the  acid  with  about  twice 
its  bulk  of  warm  water ;  if  necessary,  add  more  K  CI  03,  and  place  the 
beaker  on  the  water  bath  until  the  liquid  is  almost  colorless  Then, 
without  diluting,  filter  into  a  No.  1  beaker,  and  wash  the  residue  seve- 
ral times  with  hot  H  CI  and  water  (1 — 3),  and  finally  with  hot  water. 
Evaporate  the  filtrate  to  small  bulk,  add  barium  chloride,  then  a  slight 
excess  of  ammonium  hydrate,  and  acidulate  the  solution  slightly  with 
H  CI.  Boil  it  a  few  minutes,  and  place  the  beaker  on  the  water  bath 
over  night.  Filter  the  precipitated  Ba  S  04,  wash  with  dilute  H  CI,  and 
finally  with  hot  water,  dry,  ignite  and  weigh  as  Ba  S  04.  It  contains 
13.72  per  cent,  of  sulphur. 

The  results  obtained  by  this  method  are  always  slightly  higher  than 
those  by  the  oxidation  method.  Many  steels  which  by  the  latter  give 
no  trace,  by  the  former  give  appreciable  amounts  of  sulphur.  This 
method  requires  less  time  than  the  other,  and  duplicate  results  agree 
perfectly. 

GRAPHITE. 

To  determine  the  small  amount  of  graphite  contained  in  most  steels, 
the  residue  in  the  flask  from  the  determination  of  sulphur  may  be 
taken.  For  this  purpose  wash  it  out  into  a  beaker,  filter  on  an  asbestos 
filter,  and  wash  with  dilute  H  CI  and  hot  water.  Pour  on  a  hot  solution 
of  potassium  hydrate,  sp.  gr.  1.27,  and  wash  again  with  hot  water, 
alcohol,  and  finally  with  ether ;  transfer  the  contents  of  the  filtering 
tube  to  a  platinum  boat,  dry  at  100°  C,  and  burn  the  graphite  in  a  tube 
in  a  current  of  oxygen,  as  in  the  determination  of  total  carbon,  collect- 
ing and  weighing  the  (3  02  in  a  potash  bulb. 

With  pig-iron  it  is  difficult  to  wash  all  the  graphite  out  of  the  flask 
without  using  a  large  amount  of  water ;  it  is  moreover  more  convenient 
to  operate  on  a  smaller  amount,  say  from  1  to  3  grammes  of  the  drillings. 
In  this  case,  weigh  the  drillings  (lumps  are  better,  as  the  graphite  has 
so  great  a  tendency  to  fly  off  and  cause  loss  when  finely  divided)  into 
a  beaker,  and  digest  with  H  CI  and  water,  equal  parts.  When  perfectly 
dissolved,  boil  the  solution  for  half  an  hour,  filter,  and  treat  the  insolu- 
ble matter  exactly  as  in  the  former  case.  This  method  for  determining 
graphite  is  not  perfectly  satisfactory,  but  is  undoubtedly  the  best 
method  known  at  present. 

SILICON  AND  PHOSPHORUS. 

Treat  5  grammes  of  drillings  in  a  beaker  of  at  least  400  to  500  c.  c. 
capacity,  covered  with  a  watch  glass,  with  400  c.  c.  of  strong  H  N  03. 
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Check  the  action  if  too  violent  by  standing  the  beaker  in  cold  water,  or 
accelerate  it  if  necessary  by  heat  and  by  adding  a  drop  or  two  of  H  CI 
from  time  to  time,  until  solution  is  complete.  Wash  and  remove  cover, 
evaporate  solution  to  dryness,  add  35  c.  c.  H  Ci,  cover  and  heat  until  all 
iron  has  dissolved,  remove  cover  and  evaporate  to  dryness ;  finally  heat  on 
sand  bath,  at  from  120°  to  130°  C,  until  all  smell  of  acid  has  disappeared. 
Allow  to  cool  gradually,  and  redissolve  in  35  c.  c.  H  CI,  and  when  solu- 
tion is  complete  add  about  50  c.  c.  water,  and  boil  for  half  an  hour,  to 
convert  any  pyrophosphate  that  may  have  been  formed  to  orthophos- 
phate.  Evaporate  off  excess  of  acid,  dilute,  filter  off  Si  Oa,  wash  filter 
with  dilute  H  CI,  and  finally  with  hot  water.  Dry  and  ignite  the  filter 
containing  the  Si  02  in  a  platinum  crucible.  Weigh  and  treat  the  residue 
with  dilute  H  Fl  and  a  drop  or  two  of  H2  S  04,  or  better  add  water  and 
H2  S  04,  and  saturate  the  water  with  H  Fl  gas,  generated  from  cryolite 
and  H2  S  04  in  a  platinum  still.  When  solution  is  complete,  evaporate 
to  dryness,  heat  until  fumes  of  S  03  have  disappeared,  and  finally  raise 
the  crucible  for  an  instant  to  a  dull  red,  cool  and  weigh.  The  difference 
is  Si  02. 

In  the  case  of  pig  irons  it  is  better  to  fuse  the  ignited  residue  with 
eight  parts  of  Na*  C  03  and  a  little  K  K  03,  dissolve  in  water,  acidulate 
with  H  CI,  evaporate  to  dryness,  and  heat  to  expel  all  H  CI;  redissolve 
in  H  CI  and  water,  filter,  wash  well,  dry,  ignite  and  weigh,  and  treat  with 
H  Fl  as  in  the  case  of  steel. 

This,  of  course,  gives  the  total  Si  02,  from  which  subtract  the  Si  02in 
the  slag  (see  Estimation  of  Slag  and  Oxide  of  Iron),  and  the  difference 
is  Si  02  which  existed  as  Si  in  the  iron  and  steel,  and  which  contains 
46.67  per  cent,  of  Si.  Dilute  the  filtrate  from  the  silica  in  a  No.  6  beaker 
to  about  400  c.  c,  add  sufficient  NE4H8  03*  to  reduce  all  the  iron  to 
ferreous  salt,  heat  to  boiling,  neutralize  with  IS"  H4  H  O  (as  deoxidation 
is  not  complete  in  a  very  acid  solution),  and  when  the  solution  is  color- 
less add  about  5  c.  c.  strong  H  CI,  and  boil  off  all  smell  of  S  02.  Cool  as 
quickly  as  possible,  and  when  thoroughly  cold  add  dilute  ammonia  until 
a  slight  permanent  green  precipitate  remains  after  stirring;  redissolve 
this  with  a  few  drops  of  acetic  acid  No.  8,  and  add  from  1  to  2  c.  c.  of  strong 
ammonium  acetate.  Dilute  to  about  750  c.  c.  with  hot  water,  and  if  the 
precipitate  formed  is  white  add  very  dilute  solution  of  ferric  chloride 
(containing  about  10  m.  grms.  of  Fe2  03  to  the  c.  c.)  drop  by  drop  until 
the  precipitate  has  a  faint  reddish  tinge.  Heat  to  boiling,  and  filter 
rapidly ,t  keeping  the  solution  hot,  wash  several  times  with  hot  water, 
dissolve  on  the  filter  with  H  CI,  allowing  the  solution  to  run  into  a  small 
dean  beaker,  dissolve  any  precipitate  that  adheres  to  the  large  beaker 
with  H  CI,  pour  it  through  the  filter,  and  wash  the  filter  well  with  hot 
water.  Evaporate  the  solution  almost  todryness,  add  enough  citric  acid 
to  keep  the  iron  in  solution  (from  2  to  3  grammes  dissolved  in  5  c.  c.  water 
is  generally  enough  unless  the  iron  precipitate  is  very  bulky),  then  mag- 
nesia mixture  and  excess  of  N  H4  H  O.  Stir  just  enough  to  mix  the  solu- 
tion, but  avoid  touching  the  sides  of  the  beaker  with  the  rod,  and  cool  in 
ice-water.  When  thoroughly  cold,  stir  well,  and  stand  aside  for  a  few 
minutes.    Then  if  the  precipitate  has  not  begun  to  appear,  stir  until  it 

*N  H4  H  S  O3  is  best  made  by  passing  washed  S  09  (made  by  heating  copper  filings  in 
a  flask  with  strong  H9  S  O4)  into  strong  aqueous  ammonia  until  the  white  basic  salt 
first  formed  is  redissolved,  and  the  yellow  oily  solution  smells  strongly  of  S  O*.  Of 
this  solution  8  c.  c.  will  deoxidize  5  grammes  iron. 

tThe  filtrate  should  come  through  perfectly  clear,  and  subsequent  cloudiness  is  of  no 
importance;  but  care  should  be  taken  that  it  does  not  come  through  cloudy,. aB  some- 
times happens  when  there  is  a  small  tear  in  the  filter.  This  cloudiness  may  be  mis- 
taken for  tbe  cloudiness  caused  by  subsequent  oxidation. 
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does,  stir  afterwards  several  times  at  intervals  of  from  10  to  15  minutes, 
and  stand  aside  overnight.  The  solution  should  not  exceed  20  or  30  c.  c. 
in  bulk.*  Filter  the  precipitated  ammonium-magnesium-phosphate  on  a 
small  close  filter  without  attempting  to  remove  the  adhering  precipitate 
from  the  beaker,  wash  several  times  with  weak  ammonia  water,  dry  and 
ignite  in  a  platinum  crucible.  Dissolve  the  precipitate  in  the  crucible  in 
H  Gl  and  water,  equal  parts,  cover  the  crucible  with  a  small  watch-glass, 
and  boil  carefully  for  about  30  minutes,  to  convert  the  pyro-  to  ortho- 
phosphate.  Pour  the  solution  back  into  the  beaker  just  used,  and  wash 
out  the  crucible  into  it.  This  will  dissolve  any  precipitate  which  may 
have  adhered  to  the  sides  of  the  beaker  previously.  Filter  into  a  small 
beaker,  wash  the  filter  well,  evaporate  to  small  bulk,  add  2  or  3  drops 
magnesia  mixture,  a  small  crystal  of  citric  acid  and  excess  of  ammonia. 
Cool,  and  precipitate  carefully  as  before,  allow  to  stand  overnight  if  the 
precipitate  is  small,  filter,  wash  with  ammonia  water,  dry,  ignite  and 
weigh  as  Mg2  P2  07,  which  contains  phosphorus  27.93  per  cent.,  or  phos- 
phoric acid  63.96  per  cent. 

The  first  precipitate  of  Mg2  (N  H4)3  P2  Oe  is  apt  to  contain  a  little  silica, 
oxide  of  iron,  and  magnesium  hydrate,  the  latter  especially  if  the  pre- 
cipitate is  large.  All  of  these  sources  of  error  are  eliminated  by  the 
ignition,  solution,  and  subsequent  filtration.  One  can  get  rid  of  the  two 
latter  by  dissolving  the  precipitate  on  the  filter,  instead  of  igniting  it; 
but  the  silica,  being  often  in  a  gelatinous  condition,  sometimes  dissolves 
in  the  acid  and  is  carried  down  on  the  addition  of  ammonia  with  the 
precipitate  of  ammonium-magnesium-phosphate.  Ignition  is  conse- 
quently the  safer  plan. 

COPPER. 

Weigh  out  5  grammes  of  borings  into  a  beaker  of  about  750  c.  c  ca- 
pacity, and  dissolve  in  a  mixture  of  30  c.  c.  H  CI  and  15  c.  c.  H  N  03. 
When  solution  is  complete,  boil  for  some  minutes,t  dilute  and  filter 
through  a  ribbed  filter,  wash  well,  heat  the  filtrate  almost  to  boiling, 
add  10  c.  c.  N  H4  H  6  63,  nearly  neutralize  the  solution  with  NH4HO, 
and  boil  until  colorless.  Add  5  c.  c.  H  CI,  and  pass  H2  S  through  the 
boiling  solution  until  the  precipitate  of  S,  &c,  agglomerates.    Filter  on 

*  To  test  the  solubility  of  the  ammonium-magnesium-phosphate  in  the  solution  con- 
taining citric  acid,  ferric  oxide,  ammonium  chloride,  &c,  I  made  a  number  of  experi- 
ments in  the  following  way :  The  nitrate  from  the  first  precipitation  of  the  ammonium- 
magnesium-phosphate  was  evaporated  to  dryness  in  a  large  platinum  capsule,  and 
heated  over  a  Bunsen  burner,  until  the  volatile  salts  were  driven  off  and  the  separated 
carbon  partly  burned  away,  the  residue  transferred  to  a  platinum  crucible,  the  carbon 
burned  off,  and  the  residue  fused  with  a  small  amount  of  sodium  carbonate.  It  was 
then  boiled  with  water,  and  the  soluble  sodium  carbonate  and  phosphate  separated  by 
filtration.  To  the  clear  filtrate  a  slight  excess  of  hydrochloric  acid  was  added,  and  the 
solution  boiled,  a  single  drop  of  solution  of  ferric  chloride  added,  and  the  ferric  oxide  and 
phosphate  precipitated  by  ammonia  and  excess  of  acetic  acid;  the  precipitate  filtered, 
washed,  redissolved  in  hydrochloric  acid,  and  any  phosphoric  acid  present  precipitated 
as  ammonium-magnesium-phosphate. 

The  results  of  these  experiments,  between  twenty  and  thirty  in  number,  and  on  sam- 
ples containing  from  .015  percent,  to  .314  per  cent,  phosphorus,  showed  tnat  when  the 
amount  of  ferric  oxide  thrown  down  was  so  large  that  it  required  from  six  to  eight 
grammes  of  citric  acid  to  keep  it  in  solution,  upon  the  addition  of  ammonia,  and  when 
the  solution  measured  150  c.  c,  about  25  c.  c.  being  strong  hydrochloric  acid,  the  max- 
imum amount  of  magnesium  pyrophosphate  found  was  1.5  milligrammes,  equivalent, 
when  5  grammes  of  steel  was  need,  to  .008  per  cent,  phosphorus.  When  the  amount  of 
ferric  oxide  precipitated  was  kept  within  proper  bounds  (requiring  from  two  to  three 
grammes  of  citric  acid  to  keep  it  in  solution),  and  when  the  bulk  of  the  solution  was 
only  from  20  to  50  c.  c,  an  unweighable  trace  only  in  a  few  cases  and  usually  no  am- 
monium-magncsinm-nhosphato  was  found. 

tin  the  case  of  pig-ironB  it  is  better  to  evaporate  the  solution  to  dryness,  for  other- 
wise the  gelatinous  silica  is  liable  to  clog  the  filter. 
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a  ribbed  filter,  wash  with 
boiling  water,  and  dry  the 
filter  and  precipitate.  Ig- 
nite carefully  in  a  porcelain 
crucible,  and  when  the  filter 
is  perfectly  burned  allow  it 
to  cool  and  digest  at  a  gen- 
tle heat,  inHN  03,  with  a 
few  drops  of  H2  S  ()4,  cov- 
ering the  crucible  with  a 
watch-glass.  When  the  Cu 
8  is  perfectly  decomposed, 
remove  the  watch-glass,  and 
evaporate  off  the  HNO3 
until  fumes  of  S  03  appear. 
Cool,  dilute  a  little,  and  wash 
out  carefully  into  a  small  pla- 
tinum crucible.  Place  the 
crucible  in  the  apparatus 
shown  in  cut.  Lower  the 
small  platinum  spiral  E  un- 
til it  is  just  clear  of  the  bot- 
tom of  the  crucible,  and  at- 
tach two  cells  to  the  bat- 
tery. In  from  3  to  4  hours 
add  the  third  cell  (see  article 
on  Cu  in  ingot  copper),  and 
allow  to  run  an  hour;  then 
wash  out  the  crucible  (test- 
ing the  solution  by  Ht  S  or 
K4  Fe*  Cy6),  first  with  water 
and  then  alcohol;  dry  at 
about  100  C.  for  a  few  min- 
utes, cool  and  weigh.  If  the 
precipitate  is  dark  colored,* 
it  may  be  dissolved  in  a  few 
drops  of  H  N  03  diluted,  and 
the  Bu  reprecipitated  as  be- 
fore, when  it  will  always  be  perfectly  bright  and  metallic  in  appearance. 
Dissolve  out  the  Cu  with  a  little  H  N  03,  wash  out  the  crucible  with 
water  and  alcohol,  dry  and  wreigh,  the  difference  being  copper.  The  ex- 
treme delicacy  and  accuracy  of  this  method  are  beyond  all  praise;  -^ 
mg.  can  be  detected  and  estimated.  This  amount  gives  a  decided  me- 
tallic stain  on  the  crucible,  and  the  most  delicate  tests  fail  to  show  any 
Cu  in  the  liquid  after  precipitation  by  the  battery,  as  above. 

MANGANESE,  NICKEL,  AND  COBALT. 

Weigh  out  3  grammes  of  borings  into  a  beaker  of  at  least  1000  c.  c. 
capacity,  and  dissolve  in  fl  N  <53,  adding  H  CI  if  necessary.  When 
solution  is  complete,  evaporate  to  dryness,  and  add  20  c.  c.  H  CI,  evapo- 
rate to  dryness,  and  heat  until  all  acid  is  expelled,  redissolve  in  15  c.  c. 

#  This  dark  color  is  of  no  importance,  for  I  have  frequently  redissolved  and  repre- 
cipitated Cn  having  this  appearance,  and  have  never  found  a  greater  difference  than 
tV  of  a  mg.,  the  second  precipitate  being  perfectly  bright  and  metallic. 
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H  CI,  and  beat  on  sand-bath  about  30  minutes.  Dilute  to  almost  400  c. 
c.  with  cold  water,  and  add  solution  of  iNa*  C  03  with  constant  stirring 
until  after  standing  some  time  a  decided  precipitate  remains.  Redissolve 
this  precipitate  with  the  smallest  possible  amount  of  dilute  H  CI,  added 
drop  by  drop,  with  constant  stirring,  and  add  7  grammes  sodium  acetate, 
dilute  with  hot  water  to  about  800  c.  c,  and  heat  to  boiling.  Boil  about 
\  to  %  of  an  hour,  nearly  fill  the  beaker  with  boiling  water,  and  allow  to 
stand  on  water-bath  until  precipitate  of  oxide  and  basic  acetate  of  iron 
1ms  settled  to  small  bulk.  Decant  off  clear  supernatant  fluid,  refill  the 
beaker  with  boiling  water,  adding  a  little  sodium  acetate,  stir  well,  and 
allow  to  settle  as  before.  Repeat  the  decantation,  refilling  as  before, 
and  after  the  third  decantation  dissolve  the  precipitate  in  the  beaker  in 
H  CI  and  a  little  K  CI  Og,  evaporate  off  the  excess  of  acid,  and  repre- 
cipitate  the  iron  as  before. 

Wash  several  times  by  decantation  as  at  flrst?  evaporate  the  decanted 
liquid  to  small  bulk,  and  finally  throw  the  precipitate  on  a  large-ribbed 
filter,  allowing  the  liquid  to  run  into  the  beaker  containing  the  decanta- 
tions,  and  wash  the  precipitate  once  or  twice  with  hot  water.  The  solu- 
tion will  contain  more  or  less  oxide  of  iron  decanted  off  with  the  super- 
natant fluid,  so  that  after  evaporating  down  to  75  or  100  c.  c.  in  bulk, 
filter  on  a  small  filter  into  a  No.  3  beaker,  wash  once  or  twice,  and  stand 
the  solution  aside.  Dissolve  the  precipitate  on  the  filter  in  H  01,  allow- 
ing the  solution  to  run  back  into  the  first  beaker,  evaporate  off  excess 
of  acid,  dilute  to  50  c.  c.  with  cold  water,  neutralize  by  Na^  C  03,  and 
precipitate  by  sodium  acetate.  Boil  a  few  minutes,  and  filter  into  the 
beaker  containing  the  clear  solution.  Add  to  this  solution,  which  should 
not  exceed  150  c.  c.  in  bulk,  a  little  acetic  acid,  and  pass  a  brisk  stream 
of  H2  S  into  it  from  30  to  45  minutes,  keeping  the  solution  at  a  boil. 
Filter  and  wash  with  H2  S  water  containing  a  little  free  acetic  acid.  The 
precipitate  which  contains  the  Cu  Ni  and  Co  as  sulphides  should  be  dried 
and  ignited  in  a  porcelain  crucible.  Transfer  the  ignited  precipitate  to 
a  No.  1  beaker,  and  dissolve  it  in  H  CI  and  a  few  drops  of  H  N  03,  evap- 
orate to  dryness,  redissolve  in  10  or  12  drops  of  H  CI,  dilute,  boil,  and 
precipitate  the  copper  by  H*  S,  filter,  wash  with  hot  water^and  e vapo- 
rate  the  filtrate  to  dryness.  Redissolve  in  4  or  5  drops  of  H  CI,  dilute 
with  one  or  two  c.  c.  of  water,  and  add  excess  of  solution  of  potassium 
nitrite  slightly  acidulated  by  acetic  acid.  Stir  and  allow  to  stand  for  24 
hours,  with  occasional  stirring.  Filter  off  the  double  nitrite  of  cobalt 
and  potassium,  and  wash  with  water  containing  potassium  acetate  and 
a  little  free  acetic  acid.  Reserve  the  filtrate,  and  wash  the  precipitate, 
and  filter  free  from  potassium  acetate  with  alcohol.  Ignite  the  filter  and 
precipitate,  carefully,  in  a  porcelain  crucible,  being  careful  not  to  raise 
the  temperature  so  high  as  to  fuse  the  precipitate;  transfer  to  a  very 
small  beaker,  and  digest  in  H  CI  and  a  little  K  CI  03.  Evaporate  to  dry- 
ness, redissolve  in  from  3  to  4  drops  of  H  CI,  dilute  with  cold  water, 
add  excess  of  sodium  acetate,  and  boil  from  1  to  2  hours  to  precipitate 
the  small  amount  of  Fe2  03  and  Alt  Oe  that  is  always  present.  Filter,  to 
the  filtrate  add  excess  of  N  H4  H  O  and  NH4H8,  and  heat  to  boiling. 
As  soon  as  the  precipitate  of  Co  S  has  settled,  filter,  wash  with  water 
containing  a  little  N  H4  H  8,  dry  and  ignite  the  precipitate  in  a  platinum 
crucible.  When  thoroughly  ignited,  allow  to  cool  and  digest  in  the  cru- 
cible with  H  N  03,  evaporate  to  dryness,  and  add  a  few  drops  of  strong 
H2  S  04,  digest  until  the  sulphide  and  oxide  are  changed  to  sulphate  of 
cobalt,  drive  off  excess  of  H,  So4,  and  finally  heat  to  a  dull  red  for  a 
few  moments,  cool  and  weigh  as  Co  S  04,  which  contains  37.98  per  cent, 
of  cobalt.    Heat  the  filtrate  from  the  potassium  cobalt  double  nitrite  to 
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boiling,  and  precipitate  the  Ni  O  by  a  very  slight  excess  of  E  H  O. 
Filter  and  wash  with  hot  water.  Dissolve  the  precipitate  on  the  filter 
with  H  01,  allow  the  solution  to  run  back  into  the  same  beaker,  and 
wash  the  filter  well  with  hot  water.  Evaporate  the  filtrate  to  dryness, 
redissolve  in  from  3  to  4  drops  H  01,  dilute  with  cold  water,  add  excess 
of  Na  C,  H3  O2,  boil  from  1  to  2  hours,  filter  off  the  Fe*  03  and  Al*  03, 
heat  the  filtrate  to  boiling,  and  precipitate  the  Ni  3  by  H*  8,  or  by  add- 
ing an  excess  of  N  H4  H  S  slightly  acidulating  with  Gt  H4  Ot}  and  pass- 
ing H2  S  through  the  boiling  solution  until  the  mixed  S  and  Ni  8  ag- 
glomerate. Filter,  wash  with  H,  S  water,  dry  and  ignite  the  precipitate. 
When  perfectly  burned,  allow  the  crucible  to  cool,  and  add  a  little  am- 
monium carbonate;  heat  carefully  to  dull  red,  cool  and  weigh  as  Ni2  S 
or  Ni  O,  which  contains  78.59  per  cent,  nickel.  If  the  precipitate  of 
Co  S  is  very  small,  it  may  be  ignited  in  the  same  manner  as  the  Ni  S,  and 
weighed  as  Co»S  or  Oo  O,  which  contains  78.61  per  cent,  cobalt. 

To  the  filtrate  from  the  precipitated  sulphides  of  copper,  nickel,  and 
cobalt,  which  contains  all  the  manganese,  add  NH4HO  and  N  H4  H  S, 
and  allow  to  stand  from  12  to  24  hours.*  Filter,  wash  the  manganese 
sulphide  with  water  containing  N  H4  H  S,  dissolve  it  on  the  filter  in  hot 
dilute  H  01,  and  allow  the  solution  to  run  back  into  the  same  beaker. 
Wash  the  filter  well  with  hot  water,  evaporate  the  solution  to  dryness, 
redissolve  in  dilute  H  CI,  filter,  add  excess  of  N  H4  H  O,  heat  to  boiling, 
and  boil  until  all  smell  of  NBUH  O  has  disappeared.  Filter  off  any 
ferric  oxide,  dissolve  back  into  the  same  beaker  with  H  CI,  repreeipitate, 
boil  and  filter  as  before.  Add  the  two  filtrates  together,  boil,  and  pre- 
cipitate by  solution  of  sodio-ammonic-orthophosphate,  and  slight  excess 
of  N  H4  H  O.  Boil  until  precipitate  becomes  crystalline,  filter,  wash 
with  hot  water,  dry,  ignite,  and  weigh  as  Mn*  P*  07,  which  contains  38.73 
per  cent,  of  manganese.  Copper  cannot  be  estimated  in  this  portion,  as 
a  part  of  it  always  remains  with  the  oxide  of  iron  precipitate,  as  basic 
acetate  of  copper. 

CHROMIUM  AND  ALUMINIUM, 

Weigh  5  grammes  of  borings  or  drillings  into  a  flask  of  about  one-half 
litre  capacity,  and  pour  in  20  c.  c.  strong  H  CI,  diluted  with  three  or  four 
times  its  bulk  of  water.  Close  the  flask  with  a  rubber  stopper  having 
a  short  piece  of  glass  tubing  run  through  the  center,  extending  from 
the  small  end  of  the  stopper  toone  inch  beyond  the  large  end.  One  end 
of  a  piece  of  he^vy  rubber  tubing  2  inches  long,  with  a  horizontal  slit 
in  the  middle  of  one  side,  i  inch  long,  extends  over  the  glass  tube  for 
a  distance  of  \  inch.  The  other  end  of  the  rubber  tube  is  closed  with  a 
piece  of  glass  rod.  This  simple  valve  allows  the  escape  of  gas  from  the 
flask,  but  prevents  accers  of  air,  so  that  the  iron  is  all  dissolved  as 
ferrous,  the  chromium  as  chromous,  and  the  aluminium  as  aluminium 
chloride.  Assist  the  action  of  the  dilute  acid  by  heat  if  necessary,  and 
when  the  iron  or  steel  is  entirely  dissolved  remove  the  valve,  drop  in 
a  small  lump  of  Na*  Co,,  and  close  the  flask  with  a  solid  stopper.  Cool 
the  flask  and  contents  as  quickly  as  possible,  and  when  cold  dilute  the 
solution  with  cold  water  until  the  flask  is  three-fourths  full.  Add 
with  constant  agitation  a  slight  excess  of  Ba  C  03.t    Shake  the  flask 

•Bromine  may  be  used  to  precipitate  the  manganese  in  the  filtrate  from  the  sul- 
phides of  nickel,  cobalt,  and  copper,  by  adding  it  directly  to  this  solution,  and  heating 
until  the  excess  of  bromine  is  volatilized  and  the  solution  becomes  colorless.  Filter, 
wash  very  slightly  with  hot  water,  and  proceed  as  with  the  precipitate  by  N  H4  H  S. 

tThe  fia  CO3  should  be  perfectly  pure,  the  presence  of  even  a  small  amount  of  Ba 
8  O4  interfering  with  the  end  reaction.  I  prepare  my  own  by  dissolving  Ba  CI*  in 
water,  filtering,  adding  large  excess  of  N  H4  H  O,  and  passing  C  02  into  the  solution 
until  all  the  Ba  is  precipitated  as  Ba  C  O3,  washing  free  from  chlorides,  drying,  and 
grinding  in  water  to  the  consistency  of  cream. 


254  TESTS   OF   METALS. 

thoroughly  several  times,  loosening  the  stopper  to  allow  the  0  Oa  to  es- 
cape; cork  the  flask  tightly,  and  allow  it  to  stand  over  night.  Filter  as 
rapidly  as  possible,  rinse  oat  the  flask  several  times,  and  wash  the  pre- 
cipitate well  with  cold  water.  The  precipitate  consists  of  the  residue 
from  the  steel  or  iron  insoluble  in  dilute  H  CI,  all  the  Cr  as  Or*  03,  all 
the  Al  as  Al2  03,  some  Fe2  03,  and  the  excess  of  Ba  C  03  added  to  the 
solution.  Dissolve  the  precipitate  on  the  Alter  in  dilute  H  CI,  clean  out 
the  flask  with  the  same  reagent,  and  allow  the  solution  to  run  into  a 
small  clean  beaker.  Wash  the  filter  with  hot  water,  allowing  it  to  run 
into  the  same  beaker.  Boil  the  solution,  and  add  a  slight  excess  of 
dilute  H3  S  04 ;  allow  to  settle,  and  filter  off  the  precipitated  Ba  S  04. 
Evaporate  the  filtrate  to  dryness  to  get  rid  of  the  excess  of  acid, 
redissolve  in  the  smallest  possible  amount  of  dilute  H  CI,  dilute,  add 
sufficient  tartaric  acid  to  hold  the  iron  in  solution  when  the  liquid  is 
rendered  alkaline,  and  add  excess  of  NH4HO.  Heat  to  boiling,  and 
add  !N"  H4  H  S  in  excess ;  allow  the  precipitated  Fe  S  to  settle,  filter, 
wash  with  water  containing  N  H4  H  8,  and  evaporate  the  filtrate  to 
dryness  in  a  platinum  capsule  or  large  crucible.  Heat  the  residue 
until  the  ammonium  salts  are  volatilized  and  the  C4  H6  Oe  decomposed. 
Burn  off  the  separated  carbon,  and  fuse  the  residue  with  6  parts  Na3 
C  03  and  1  part  K  1ST  03.  Dissolve  out  in  water,  transfer  to  a  beaker, 
add  a  rather  large  amount  of  K  CI  03,  rinse  out  crucible  with  H  CI, 
add  it  to  the  solution,  and  then  add  a  slight  excess  of  H  CI.  Evaporate 
to  syrupy  consistency  on  the  water-bath,  adding  a  little  K  CI  03  from 
time  to  time  to  decompose  the  excess  of  H  CI.  Redissolve  in  water, 
add  an  excess  of  (N  H4)2  C  03  to  precipitate  the  Al2  03,  and  boil  oft*  all 
smell  of  ammonia.  Filter,  wash  with  hot  water,  add  to  filtrate  an  ex- 
cess of  H  CI,  and  after  the  greater  part  of  the  K  CI  03  is  decomposed, 
a  little  alcohol,  and  evaporate  the  dryness.  Redissolve  in  H  CI,  dilute, 
filter  from  Si  02,  boil  the  filtrate,  and  add  an  excess  of  N  H4  H  O  to 
precipitate  the  Cr2  03.  Filter,  wash  with  the  UHual  precautions,  dry, 
ignite,  and  weigh  as  Crs  03,  which  contains  68.53  per  cent,  of  chromium. 
The  Al2  03  obtained  on  precipitating  with  (N  H4)2  C  03,  is  usually  con- 
taminated by  small  amounts  of  Si  03  and  Ca  O  (from  the  C4  H6  O0).  To 
separate  these  impurities,  dissolve  on  the  filter  in  H  CI,  and  allow  to  run 
into  a  small  beaker,  evaporate  to  dryness  to  render  Si  02  insoluble,  dis- 
solve in  H  CI,  dilute,  filter,  and  precipitate  the  Al2  03  by  K  H4  H  O, 
being  careful  to  boil  off  all  smell  of  N  H4  H  O.  Filter,  wash  well  with 
hot  water,  dry,  ignite,  and  weigh  as  Al2  O3,  which  contains  53.31  per 
cent,  of  aluminium. 

To  determine  chromium  alone?  dissolve  the  iron,  precipitate  by  Ba 
C  03,  filter,  and  wash  the  precipitate  exactly  as  before.  Then  punch 
the  filter,  and  wash  the  precipitate  into  a  small  clean  beaker.  Clean 
the  flask  and  filter  with  hot  dilute  H  CI,  and  wash  them  thoroughly  with 
hot  water,  allowing  all  the  rinsings  and  washings  to  run  into  the  beaker.* 
Add  enough  H  CI  to  dissolve  the  soluble  part  of  the  precipitate;  dilute, 
boil,  and  precipitate  the  Cr2  03  and  Fes  03  with  N  H4  H  O,  Boil  off  all 
smell  of  ammonia,  allow  to  settle,  filter  and  wash  well  with  hot  water  to 
get  rid  of  all  Ba  CI*  Dry  and  transfer  the  precipitate  to  a  platinum 
crucible,  carefully  separating  it  from  the  filter,  ignite  the  filter,  and  add 
the  ashes  to  the  precipitate  in  the  crucible.  Before  heating  the  precipi- 
tate, add  to  it  in  the  crucible  3  grammes  TSa^  C  03  and  J  gramme  K  N  63, 
and  mix  thoroughly.    Heat  gradually  to  fusion,  and  finally  raise  the 

*  If  it  is  desired  to  determine  the  chromium  soluble  in  dilute  H  CI  alone,  or  separately 
from  that  which  remains  in  the  insoluble  residue,  the  filter  should  not  be  punched,  but 
the  soluble  part  of  the  precipitate  dissolved  on  toe  filter  in  hot  dilute  H  CI,  and  a  sep- 
arate determination  made  of  the  Cr  in  the  insoluble  residue  (which  remains  on  the 
filter)  by  burning  the  filter  and  fusing  with  Na*  C  63  and  K  N  O3. 
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heat  until  all  the  K  N  03  is  decomposed.  Cool,  and  treat  the  fused  mass 
with  hot  water ;  filter  from  Fe2  03,  wash  well  with  hot  water,  acidulate 
the  filtrate  with  H  CI,  and  evaporate  to  dryness  with  a  little  alcohol. 
Redissolve  in  H  CI,  dilute,  filter  from  silica,  and  in  the  filtrate  precipi- 
tate the  Cr2  03  by  N  H4 II  O.  Filter,  wash  with  the  usual  precautions, 
dry,  ignite,  and  weigh  as  Cr8  03,  which  contains  68.53  per  cent,  chromium. 
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Filtering  tube  *nd  stand  used  in  carbon  determinations. 
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The  selection  of  a  method  for  the  estimation  of  total  carbon  in  iron 
and  steel  was  rather  a  difficult  problem  to  solve.  The  Eggertz  color- 
test  not  being  sufficiently  accurate  for  the  purposes  of  the  Board,  espe- 
cially as  there  was  so  wide  variation  in  the  composition  of  their  samples, 
there  remained  only  methods  more  or  less  difficult  and  tedious.  Many 
of  these,  while  theoretically  perfect,  were  so  difficult  to  execute  practi- 
cally, that  it  seemed  worth  while  to  devote  a  little  time  to  the  investi- 
gation of  various  methods,  with  the  hope  of  finding  one  capable  of  meet- 
ing the  requirements  of  the  Board.  These  requirements  are :  extreme 
accuracy,  reasonable  speed,  and  no  undue  difficulty  of  manipulation. 

The  method  finally  adopted,  and  which  I  believe  fully  meets  these  re- 
quirements, is  as  follows:  Weigh  out  3  grms.  of  borings  or  drillings, 
which  need  not  be  very  fine?  but  which  if  possible  should  contain  no 
large  lumps,  into  a  No.  3  Griffin's  beaker,  and  add  200  c.  c.  of  a  satu- 
rated neutral  solution  of  the  double  chloride  of  copper  and  ammonium.* 
After  it  has  stood  at  the  ordinary  temperature  for  15  minutes  with 
constant  stirring,  it  may  be  placed  on  the  water-bath,  and  stirred  occa- 
sionally until  the  copper  first  precipita- 
ted is  dissolved  in  the  excess  of  double 
chloride  used.  When  the  copper  is  al- 
most or  entirely  dissolved,  redissolveby 
means  of  a  few  drops  of  H  CI  any  basic 
salt  of  iron  that  has  separated  out,  allow 
the  carbon  to  settle,  and  filter  on  an  as- 
bestos filter.  This  filter  is  made  by  plac- 
ing a  small  plug  of  asbestos  loosely  in  the 
B  filtering- tube  shown  in  Fig.  B.  This  plug 
should  not  be  more  than  £  inch  thick, 
and  is  made  by  picking  apart  asbestos 
which  has  been  digested  in  H  CI,  washed 
thoroughly  with  water,  and  ignited  in  a 
tube  in  a  current  of  air  or  oxygen  at  a 
high  temperature.  The  fiber  should  not 
be  long,  as  the  carbon  may  pass  through 
the  plug;  neither  should  it  be  very  short, 
as  in  this  case  the  plug  will  not  hold  to- 
gether well,  and  the  solution  will  pass 
through  too  slowly.  After  transferring 
the  carbon  to  the  tube,  clean  the  beaker 
from  any  adhering  basic  salt  with  an  acid 
solution  of  the  double  chloride,  and  re- 
move any  carbon  that  remains  with  a 
little  asbestos  in  a  pair  of  platinum- 
pointed  forceps,  and  wash  the  filter  with 
warm  water  until  it  is  free  from  chlo- 
rides. Open  out  the  boat  (Fig.  D),  and  transfer  the  asbestos  and  car- 
bon while  wet  to  it,  wiping  out  the  tube  with  asbestos  held  in  the  for- 
ceps.   Bend  the  boat  back  to  its  proper  shape,  and  dry  in  an  air  bath  at 

*  This  salt  was  first  used  by  Mr.  A.  S.  McCreatk,  chemist  to  the  second  geological 
survey  of  Pennsylvania,  and  is  made  by  dissolving  together  chloride  <  f  am  mo  ni  am 
and  neutral  chloride  of  copper  in  their  atomic  proportions,  and  crystallizing  ont  the 
double  salt.  This  is  purified  by  solution  and  recrystallization,  then  dissolved  in  the 
smallest  possible  amount  of  distilled  water,  filtered  through  asbestos  into  a  clean 
bottle,  and  dilute  NH,HO  added  until  a  slight  permanent  precipitate  of  cupric 
hydrate  is  formed.    It  is  then  ready  for  use. 
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100°  C.  The  boat  is  made  of  platinum  foil,  cut  in  tbe  shape  shown  in 
Fig.  C,  and  bent  in  the  form  shown  in  Fig.  D.  Platinum  is  a  better  ma- 
terial for  the  boat  than  copper,  as  it  lasts  for  an  indefinite  number  of 
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determinations;  and  as,  unlike  copper,  it  does  not  absorb  oxygen,  there 
is  no  danger  during  the  combustion  that  a  rapid  absorption  will  cause  a 
reflux  of  the  caustic  potassa  solution  in  the  Liebig  bulb.  This  is  very- 
liable  to  occur  when  cop- 
per is  used,  unless  the  op- 
eration is  watched  most 
carefully,  and  the  current 
of  oxygen  regulated .  In- 
sert the  boat  in  the  tube 
B,  shown  in  the  plate,  and 
burn  the  carbon  in  a 
stream  of  oxygen. 

The  apparatus  consists 
of  a  ten-burner  gas-com- 
bustion furnace,  A  (seej 
plate),  13  inches  long, 
through  which  runs  the 
porcelain  tube  B.*  This 
tube  is  25  inches  long,  and 
£  of  an  inch  in  internal  diameter.  It  projects  6  inches  outside  the  fur- 
nace at  each  end,  and  the  heat  is  prevented  from  reaching  the  ends  of 
the  tube  by  the  sheet-iron  screens  L.  The  tube  is  filled  for  a  length 
of  6  inches,  or  from  the  middle  of  the  tube  to  the  front  end  of  the  fur- 
nace, with  coarse  oxide  of  copper  or  loosely  fitting  coil  of  coarse  cop- 
per gauze  thoroughly  oxidized.  The  latter  is  readily  fitted  for  use  by 
inserting  it  in  its  proper  place  in  the  tube  and  heating  it  for  several 
hours  in  a  stream  of  oxygen.  A  roll  of  thin  sheet  silver  3  or  4  inches 
long,  and  wide  enough  to  make  a  roll  completely  filling  the  tube,  is 
placed  just  in  front  of  the  oxide-of-copper  plug,  and  serves  to  hold  any 
chlorine  which  may  be  liberated  during  the  combustion.  The  tube  is 
fitted  at  the  forward  end  with  a  U  tube,  Or,  filled  with  Ca  Cl2,  to  which  is 
attached  another  U  tube,  H,  filled  with  pumice  saturated  with  a  solu- 

*Instead  of  a  porcelain  tube  I  now  use  one  made  of  platinum,  18  inches  long  and  £ 
inch  internal  diameter,  drawn  out  at  the  forward  end  to  \  inch  diameter  for  an  addi- 
tional 6  inches.  It  has  a  ground  joint  at  the  rear  end,  the  full  size  of  the  tube.  The 
forward  end  of  the  tube  is  filled  for  a  distance  of  6  inches  with  a  roll  of  fine  platinum 
gauze.  The  U  tube  G  is  filled,  half  with  pumice  saturated  with  Cu  S  0<,  and  half  with 
fine  copper  turnings,  separated  from  the  pumice  by  a  plug  of  asbestos.  The  U  tube  H 
contains  Ca  Cl2. 
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tion  of  Cu  S  04,  and  heated  until  the  Cu  S  04  becomes  anhydrous.  To 
this  tube  is  attached  the  Liebig  bulb  I,  filled  with  a  solution  of  potas- 
sium hydrate  (sp.  gr.  1.27),  and  the  drying-tube  J,  filled  partly  with 
pieces  ofKHO  and  partly  with  Ca  Cl2.  I  and  J  constitute  the  appara- 
tus for  absorbing  the  C  02,  and  to  the  end  of  J  is  fitted  a  small  tube,  K, 
filled  with  Ca  Cl2  or  K  H  O,  to  prevent  the  absorption  by  J  of  moisture 
from  the  air  during  the  progress  of  the  combustion.  By  cutting  the 
pasteboard  box  in  which  the  Liebig  bulb  usually  comes,  as  shown  in  the 
plate,  a  very  convenient  holder  for  the  absorption  apparatus  may  be 
made.  When  not  attached  to  the  combustion  tube,  the  apparatus  is 
always  fitted  with  little  rubber  caps.  They  serve  to  prevent  gain  and 
loss  of  moisture  by  the  drying  tube  and  potash  bulb  respectively,  and 
are  made  by  cutting  a  piece  of  soft  black  rubber  tubing,  and  squeezing 
one  end  until  it  is  permanently  closed  by  adhesion  of  the  cut  surfaces. 
The  necessity  for  their  use  is  shown  by  the  following  experiments: 

Change  of  weight  of  absorption  apparatus  in  very  dry  winter  weather, 
balance-room  heated  by  furnace  without  water  pan,  potash  bulb  and 
drying  tube  open  on  balance  for  15  hours,— 0.0004  grm.;  +  0.0009  grm.; 
for  three  days,— 0.0014  grm.  In  very  damp  summer  weather,  15  hours, 
+  0.0017  grm.;  +  0.0040  grm.;  for  three  days,  +  0.0150  grm.  In  very 
damp  summer  weather,  the  drying  tube  alone  open  on  balance,  in  15 
hours,  gained  0.0053  grm. ;  in  the  same  time  the  potash  bulb  lost  0.0004 
grm.  These  are  only  a  few  of  a  large  number  of  experiments,  all  show- 
ing that  in  dry  weather  the  gain  by  the  drying-tube  nearly  counter- 
balances the  loss  by  the  potash  bulbs,  while  in  damp  weather  the  gain 
by  the  former  is  always  largely  in  excess  of  the  loss  by  the  latter.  With 
the  rubber  tips  there  is  no  appreciable  change  of  weight  in  any  weather, 
even  after  a  lapse  of  several  days.  The  necessity  for  the  use  of  the 
safety  drying-tube  K  is  shown  by  the  following  experiments : 

The  combustion  was  made  in  the  usual  manner,  except  that  the  porce- 
lain tube  was  empty;  consequently  there  should  be  neither  loss  nor 
gain  in  the  weight  of  absorption  apparatus.  In  very  dry  winter  weather, 
without  safety-tube,  the  rooms  being  heated  by  perfectly  dry  hot  air, 
the  weight  of  absorption  apparatus  changed  +  0.0006  grm. ;  —  0.0001 
grm.;  no  change.  In  damp  summer  weather,  +  0.0038  grm.;  +  0.0022 
grm.  5  +  0.0032  grm. ;  +  0.0035  grm.  With  the  safety-tube  K,  the  change 
is  not  appreciable. 

As  will  be  seen  by  the  plate,  the  connections  between  the  oxygen- 
holder  O  and  the  purifying  apparatus  M,  the  air  bottles  F,  &c,  are  all  of 
glass.  I  found  by  a  large  number  of  experiments  that  rubber  tubing 
when  used  for  those  connections  gave  off  some  slight  amount  of  hydro- 
carbon gas,  which  increased  the  weight  of  the  absorption  apparatus  in 
blank  combustions  from  0.0017  grm.  to  0.0035  grm. 

The  combustion  is  conducted  in  the  following  manner:  Wipe  off  the 
absorption  apparatus  and  place  it  on  the  balance.  After  it  has  been 
there  long  enough  to  have  perfectly  acquired  the  temperature  inside  the 
balance- case  (about  30  minutes),  remove  the  tips  to  equalize  the  pressure 
of  the  air  inside  and  outside  the  absorption  apparatus.  Allow  to  stand 
from  10  to  15  minutes,  and  weigh.  Insert  the  boat  in  the  tube  B, 
pushing  it  up  against  the  end  of  the  oxide-of-copper  plug  with  the  rod 
C.  Close  the  tube  tightly  with  the  cork  E,  attach  the  absorption  ap- 
paratus, test  to  see  that  it  is  all  air-tight,  open  the  pinch-cock  P,  and  close 
Q.  Start  a  slow  stream  of  oxygen  through  the  apparatus.  Heat  the  tube 
B  carefully,  beginnin  g  at  the  forward  end,  so  as  to  heat  the  oxide-of-copper 
plug  well  before  the  boat  is  heated.    When  all  the  burners  are  lighted, 
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which  takes  generally  from  35  to  45  minutes,  allow  them  to  burn  turned 
on  full  for  25  minutes,  the  tube  being  at  a  full  red  all  the  time.  Close 
the  valve  of  the  oxygen-holder,  put  on  the  pinch-cock  P,  take  off  Q,  and 
start  a  slow  stream  of  air  through  the  apparatus  to  drive  out  the  oxygen. 
This  is  done  by  pouring  water  into  the  upper  bottle  F,  and  allowing  it 
to  run  into  the  lower  one,  thus  forcing  the  air  through  the  apparatus. 
When  the  lower  bottle  is  full,  siphon  the  water  out.  In  this  way  the 
bottles  need  never  be  shifted. 

Lower  the  lights  together  very  gradually  to  avoid  cracking  the  tube, 
and  finally  put  them  out.  Bun  one  liter  of  air  through,  then  stop  the 
current,  detach  the  absorption  apparatus,  draw  out  the  boat  with  the 
rod  G,  and  the  apparatus  is  ready  for  another  combustion.  Weigh  the 
absorption  apparatus  with  same  precautions  used  in  the  first  weighing. 
The  difference  in  weight  is  C  02,  which  contains  27.27  per  cent,  of  carbon. 
As  may  be  seen  by  Figs.  2  and  3,  one  end  of  the  boat  is  lower  than  the 
other.  This  is  to  allow  the  rod  C  to  pass  over  the  end  of  the  boat,  the 
point  of  the  rod  being  horizontal.  By  turning  the  point  downward  it 
will  catch  inside  the  boat,  and  the  boat  can  readily  be  withdrawn.  The 
furnace,  as  shown  in  the  plate,  is  inside  a  hood,  to  avoid  heating  the 
room  too  much  when  it  is  in  use.  I  is  a  hole  in  the  glass  through  which 
to  pass  the  rod  0  in  moving  the  boat  in  and  out  of  the  tube  B.  E  is 
another  hole  in  the  glass,  to  allow  the  passage  of  the  connecting-tube  T. 

By  having  two  sets  of  absorption  apparatus,  so  that  one  may  be 
weighed  while  the  other  is  in  use,  five  or  six  combustions  can  be  readily 
made  in  a  day.  If  care  be  used  in  heating  and  cooling  the  tube  B,  one 
tube  will  last  for  a  large  number  of  combustions.  I  have  made  150 
combustions  with  one,  and  it  is  still  serviceable.  If  platinum  boats  can 
be  used,  the  combustion  requires  very  little  attention,  and  interferes  but 
little  with  other  work  in  a  laboratory.* 

The  results  obtained  are  very  accurate.  In  fact,  in  duplicate  deter- 
minations the  maximum  difference  is  0.01  per  cent.  Of  a  number  of 
experiments  made,  the  following  will  serve  to  illustrate  several  points 
in  the  details.  The  results  here  given  are  only  a  few  of  the- many  ob- 
tained. The  others  are  equally  satisfactory,  but  are -not  given  because 
it  seems  hardly  necessary  to  multiply  examples. 

The  same  sample  was  treated  by  the  double  chloride  of  copper  and 
ammonium,  in  one  case  in  an  ice-cold  solution,  the  temperature  being 
maintained  at  0°  0.  during  the  entire  operation  of  tjie  solution  of  the 
iron,  precipitation  and  subsequent  solution  of  the  copper.  In  the  other 
case  the  operation  was  conducted  exactly  as  directed  above,  warming 
the  solution  on  water-bath,  &c.  The  solution  should  not  be  heated  above 
50°  O. 


Cold  solu- 
tion, per 
cent,  car- 
bon. 


Warm  solu- 
tion, per 
cent,  car- 
bon. 


Sample  No.  1 — «* 

Sample  No.  2 

Sample  No.  3 

Sample  No.  4 

Sample  No.  5 

Sample  No.  6 


L154 
1.156 
0.252 
0.843 
L100 
0.484 


1.156 
1,153 
0.246 
0.345 
1.102 
0.480 


*  The  cost  of  the  apparatus  is  very  little.  Including  the  furnace,  which  alone  coste 
$25,  the  entire  cost  (not  counting  the  hood,  which  is  not  apart  of  the  apparatus,  nor 
the  oxygen-holder,  which  can  he  hired)  would  not  exceed  $35. 
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Comparison  of  results  obtained  by  different  methods  on  the  same  sample  of 

steel. 

Per  cent,  carbon 
Method  used.  obtained. 

Double  chloride  of  copper  and  ammoniam  as  solvent : 

Combustion  of  residue  in  boat  in  tube 1.156 

Combustion  of  residue  in  boat  in  tube 1.154 

Sulphate  of  copper  as  solvent: 
Precipitated  copper  and  carbon  burned  in  tube ~. ...... 1. 100 

Steel  burned  direct  in  boat  in  tube: 

Finely  powdered 1.140 

Coarse  powder 0.944 

Still  coarser  powder 0.822 

Wochler's  modification  of  Berzelius  chlorine  process 1. 100 

(In  the  above  determination  the  CI  was  not  perfectly  deprived  of  air, 
and  the  result  is  consequently  low.) 

Carbonaceous  residue  from  solution  of  steel  in  double  chloride  of  copper  and 
ammonium  weighed  on  counterpoised  filter,  and  70  per  cent,  of  weight 

taken 1.155 

Ditto 1.150 

SLAG  AND  OXIDE  OF  IBON. 

Weigh  5  gnus,  of  borings  free  from  lumps  into  a  So.  2  Griffin's 
beaker.  Stand  the  beaker,  carefully  covered  wih  a  watch-glass,  in  a 
dish  filled  with  scraped  ice  or  snow,  so  that  the  bottom,  and  sides  half- 
way up,  shall  be  in  contact  with  it.  Pour  over  the  iron  in  the  beaker 
25  c.  c.  ice-cold,  boiled  water,  and  stir  until  all  the  air  in  the  borings  has 
escaped.  Add  gradually  28  to  30  grms.  of  resublimed  iodine,  stirring 
occasionaily  until  all  the  iodine  has  dissolved.  Keep  the  beaker  con- 
stantly surrounded  by  ice,  and  add  the  iodine  slowly  enough  to  prevent 
any  rise  in  the  temperature  of  the  solution.  Allow  the  solution  to  stand 
several  hours,  with  occasional  stirring,  and  when  the  iron  is  perfectly 
dissolved  dilute  with  75-100  c.  c.  cold  boiled  water,  allow  the  insoluble 
matter  to  settle,  and  decant  the  supernatant  fluid  on  a  small  filter. 
Wash  the  insoluble  matter  several  times  by  decantation  with  cold  water. 
Then  pour  on  the  insoluble  matter  a  little  water  with  a  few  drops  of 
H  CI,  and  observe  whether  any  hydrogen  is  disengaged.  If  none  can  be 
perceived,  the  metallic  iron  may  be  considered  entirely  dissolved ;  but  if 
gas  is  given  off,  the  opposite  is  the  case.  In  either  event,  quickly  decant  i 
the  acidulated  water  on  the  filter,  and  if  any  metallic  iron  remains  add  j 
a  little  water  and  some  iodine  to  dissolve  the  iron  entirely.  When  the 
iron  is  perfectly  dissolved  transfer  the  insoluble  matter,  consisting  of 
graphite,  carbonaceous  matter,  slag,  oxide  of  iron,  and  some  silica.,  to 
the  filter,  wash  the  filter  once  with  very  dilute  II  CI  (1  acid  to  20  water), 
and  finally  with  cold  water  until  the  filtrate  is  free  from  iron.  Punch 
the  filter,  and  wash  the  insoluble  matter  through  into  a  small  platinum 
or  silver  capsule.  Burn  the  filter  and  add  the  ashes  to  the  material  in 
the  capsule.  Evaporate  almost  to  dryness,  to  get  rid  of  the  water  used 
in  washing  the  insoluble  matter  into  the  capsule;  add  50  c.  c.  solution  of 
potassium  hjrdrate,  sp.  gr.  1.1.  Boil  15  or  20  minutes,  decant  the  liquid 
on  a  very  small  close  filter,  repeat  the  boiling  with  fresh  potassium 
hydrate,  and  finally  transfer  the  insoluble  matter  to  the  filter,  and  wash 
with  hot  water  until  the  filtrate  leaves  no  residue  on  evaporating  a  few 
drops  to  dryness.    Dry,  ignite,  and  weigh  as  slag  and  oxide  of  iron. 
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COPPER  AND  THE  ALLOYS  OF  COPPER,  ZINC,  AND  TIN. 


Ingot  copper  usually  contains,  besides  copper  in  the  metallic  state, 
copper  as  suboxide,  silver,  iron,  arsenic,  antimony,  bismuth,  lead,  zinc, 
sometimes  tin  and  carbon,  and  rarely  sulphur. 

For  the  determination  of  total  copper,  weigh  out  one  gramme  of  turn- 
ings or  chippings,  and  dissolve  in  10  c.  c.  fl  M"  Oj  in  a  "No.  3  Griffin's 
t>eaker.  When  solution  is  complete,  add  6  c.  c.  strong  H2  S  04,  and 
evaporate  down  on  sand  bath  until  copious  fumes  of  S  Q3  are  given  off. 
Cool,  dilute  with  cold  water  until  beaker  is  three-fourths  full,  and  de- 
termine the  copper  by  electrolysis  with  the  apparatus  shown  in  Plate 
VIII,  Fig.  1.  The  apparatus  consists  of  the  stand  a,  the  uprights  6,  and 
the  horizontal  piece  h,  which  moves  on  the  uprights,  and  is  secured  in 
place  by  the  screws  d.  The  clamps  e  and  /  (three  views  of  which  are 
shown,  A,  B,  and  O,  Plate  VIII),  carrying  respectively  the  platinum 
cylinder  and  spiral  (Luckow's),  are  secured  the  proper  distance  apart  on 
the  horizontal  arm  by  the  set-screws  *.  The  two  insulated  wires  z  and 
c  lead  respectively  from  the  zinc  and  copper  elements  of  the  battery, 
and  are  secured  by  the  binding  screws  j  and  ft.  The  whole  is  covered 
with  the  glass  case  I  to  keep  off  dust,  &c. 

Considerable  difficulty  was  experienced  in  getting  the  proper  strength 
of  current  for  depositing  the  copper.  A  weak  current  causes  loss  of 
time  by  the  slow  deposition  of  the  Gu,  and  fails  to  separate  the  last 
traces,  even  after  several  days.  The  Cu  is  deposited  by  a  weak  current 
as  a  beautiful  metallic  coating,  which  adheres  very  strongly  to  the  cyl- 
inder. With  a  strong  current  the  Cu  is  deposited  quickly  and  entirely, 
but  in  a  dark,  spongy  mass  that  does  not  adhere  strongly  enough  to  the 
cylinder  to  permit  of  its  being  washed  and  weighed.  To  avoid  this,  the 
battery  is  arranged  as  in  D,  Plate  VIII,  so  that  by  simply  changing  the 
z  wire  from  the  connector  a  to  5,  the  current  is  increased  by  bringing 
the  third  cell  into  the  circuit.  The  box  containing  the  battery  is  placed 
under  the  table  on  which  the  apparatus  stands,  and  is  covered  to  pre- 
vent evaporation  from  the  battery  jars.  The  battery  consists  of  three 
DanielPs  2-quart  cells,  charged  as  follows :  The  cups  d  are  filled  with 
crystals  of  copper  sulphate,  the  porous  cells  and  zincs  and  copper-plate 
placed  in  position,  the  porous  cells  nearly  filled  with  water  containing  a 
few  drops  of  strong  H2  S  04,  and  the  glass  jars  filled  to  the  same  height 
with  a  strong  solution  of  sulphate  of  copper.  The  connections  are  ar- 
ranged as  shown  in  Fig.  D,  Plate  VIII,  and  the  box  covered.  The  an- 
alytical process  is  as  follows :  The  z  wire  being  in  a,  Fig.  D,  the  cylinder 
and  spiral  washed  and  dried  and  placed  in  position,  and  the  beaker  con- 
taining the  solution  placed  as  in  Fig.  1,  Plate  VIII,  lower  the  horizontal 
arm  h  until  the  spiral  just  touches  the  bottom  of  the  beaker,  and  allqw 
it  to  remain  over  night.  In  the  morning,  wash  down  the  top  of  cylinder 
and  beaker,  bring  the  third  cell  into  the  circuit  by  changing  the  z  wire 
to  6,  and  allow  it  to  run  two  hours.  Then  open  the  clamp  /  and  raise 
the  horizontal  bar  h}  leaving  the  spiral  in  the  beaker,  until  the  cylinder 
is  clear  of  the  beaker.  Detach  the  cyliuder,  wash  it  with  cold  water 
and  then  with  alcohol,  dry  at  100°  C,  and  weigh.  Dissolve  off  the  Cu 
with  H  tf  03,  wash  the  cylinder  with  water  and  alcohol,  dry  as  before, 
and  weigh :  the  difference  is  total  Cu  in  the  sample.  Test  the  solution 
left  in  the  oeaker  with  H2  S,  and  if  any  Cu  S  is  precipitated  filter  it  off 
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on  a  small  filter,  and  treat  as  in  the  determination  of  Cu  in  iron  and 
steel.    Add  this  result  to  the  other  for  total  copper. 

SILVER. 

Dissolve  10  grms.  of  turnings  in  H  X  03,  dilute  the  solution,  filter  if 
necessary,  and  add  a  few  drops  of  H  CI.  Allow  it  to  stand  until  the  Ag 
CI  has  settled, filter,  wash, dissolve  the  A g  CI  on  the  filter  iuNH4HO, 
and  allow  it  to  run  into  a  very  small  beaker.  Wash  well,  and  pour  on 
a  little  H  K  03  to  dissolve  any  metallic  silver  formed  by  the  decomposi- 
tion of  the  altered  chloride  by  ST  H<  H  O,  wash  into  the  same  beaker,  add 
excess  of  H  N  O3,  allow  the  Ag  CI  to  settle,  filter,  wash,  ignite,  and 
weigh,  with  the  usual  precautions.  The  Ag  CI  obtained  contains  75.26 
per  cent  of  silver. 


Dissolve  10  grms.  of  the  copper  in  H  ST  03,  dilute  and  precipitate  the 
Cu  by  the  battery.  Eemove  the  cylinder,  wash  it  off  into  tfce  beaker 
containing  the  solution,  with  cold  water,  evaporate  the  solution  to  dry- 
ness, add  H  CI,  dilute,  precipitate  any  Cu  that  may  remain  by  H2  S, 
filter  and  evaporate  to  dryness  again  with  a  little  K  CI  03.  Eedissolve 
in  a  little  H  CI,  dilute,  add  excess  of  sodium  acetate,  boil,  and  filter  off 
the  iron,  redissolve  in  H  CI,  reprecipitate  the  oxide  of  iron  with  IS"  H4 
H  O,  filter,  burn,  and  weigh  as  Fe*  03,  which  contains  70  per  cent,  of  Fe. 

Add  the  two  filtrates  together,  add  an  excess  of  acetic  acid,  heat  to 
boiling,  and  precipitate  the  Zn,  Ni,  and  Co  as  sulphides  by  H2  S.  Filter, 
wash,  dry,  and  ignite  the  precipitate  in  a  small  porcelain  crucible.  Trans- 
fer to  a  small  beaker,  and  digest  in  aqua  regia,  evaporate  to  dryness  with 
H  CI  in  excess  until  all  H  ST  Oa  is  expelled,  redissolve  in  3  or  4  drops  of 
H  CI,  dilute  a  little,  add  excess  of  potassium  cyanide,  and  precipitate 
the  Zn  as  sulphide  by  sodium  sulphide.  Filter,  wash,  dry,  and  ignite 
the  sulphide  of  zinc  in  a  porcelain  crucible,  digest  in  H  CI,  filter,  evapor- 
ate off  excess  of  H  CI,  and  precipitate  the  zinc  by  Na*  C  O*  Filter,  wash, 
dry,  and  ignite  as  Zn  O,  which  contains  80.24  per  cent,  of  Zn. 

To  the  filtrate  from  the  sulphide  of  zinc  add  excess  of  H  CI,  and  K  CI 
03,  and  boil  off  all  hydrocyanic  acid,  precipitate  M  O  and  Co  O  by  solu- 
tion of  K  H  O,  filter,  dissolve  in  H  CI,  and  separate  the  Ki  and  Co  as  in 
the  determination  of  nickel  and  cobalt  in  iron  and  steeL 

ABSENIC  AND  ANTIMONY. 
(Abel  &  Field,  Journal  of  Chem.  Soc,  XTV,  291.) 

Dissolve  10  grms.  of  the  copper  in  H  N  03,  add  a  small  amount  of  solu- 
tion of  lead  nitrate,  equal  to  0.5  grm.  of  the  salt,  then  an  excess  of  am- 
monia and  carbonate  of  ammonia.  Allow  the  precipitate,  which  may 
oontain  oxide  and  carbonate  of  lead,  arseniate  and  antimoniate  of  lead, 
and  oxide  of  bismuth,  to  settle ;  filter,  wash,  and  digest  it  in  a  strong 
solution  of  oxalic  acid,  which  dissolves  the  arsenic  and  antimony.  Filter, 
add  solution  of  sulphate  of  magnesia  and  excess  of  ammonia,  and  pre- 
cipitate the  arsenic  as  ammonium  magnesium-arseniate.  Allow  to  settle, 
filter  on  counterpoised  filters,  dry  at  100°  C,  and  weigh  as  2  [As  Mg» 
(N  H4)  04]  +  H2  O,  which  contains  39.47  per  cent,  of  arsenic. 

To  the  filtrate  add  slight  excess  of  H  CI,  and  precipitate  the  antimony 
by  H2  S ;  filter,  wash,  and  determine  as  Sba  04  by  treatment  with  H  N  03. 
This  contains  79.22  per  cent,  of  antimony. 
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BISMUTH  AND  LEAD. 
(Abel  &  Field,  Journal  Chem.  Soc,  XIV,  294.) 

Dissolve  10  or  20  grms.  of  the  copper  in  H  N  03,  and  add  a  small  quan- 
tity of  solution  of  sodium-ammouium-phosphate  and  excess  of  M"  H4  H  O. 
Allow  the  precipitate  to  settle,  filter,  wash  with  dilute  solution  of  am- 
monia, dissolve  in  H  CI,  add  excess  of  N  H4  H  O,  and  pass  H2  S  through 
the  solution.  Filter  off  the  precipitated  sulphides  of  lead  and  bismuth, 
wash  thoroughly,  and  dissolve  in  dilute  H  N  Oa.  Nearly  neutralize  this 
solution  with  NH4HO,  and  digest  with  a  small  excess  of  hydrated  oxide 
or  basic  nitrate  of  copper  to  precipitate  the  bismuth ;  the  lead  remains 
in  solution.  Dissolve  the  washed  precipitate  of  oxide  of  bismuth  in 
H  N  03,  and  separate  it  from  copper  by  N  EU  H  O ;  filter,  wash,  aud  de- 
termine the  Bi  Os  in  the  usual  way.  It  contains  89.65  per  cent,  of  bis- 
muth. 

If  the  copper  contains  iron,  ferric  oxide  will  be  precipitated  with  the 
Bi  03.  In  this  case  dissolve  the  precipitate  in  dilute  acid,  and  precipi- 
tate by  H»  8.  Filter  off  the  sulphide  of  bismuth,  wash  with  water  con- 
taining H2S,  redissolve  in  dilute  H  N03,  and  reprecipitate  by  ammonium 
carbonate;  filter,  wash,  ignite,  and  weigh  as  before. 

To  the  solution  containing  the  nitrates  of  copper  and  lead  add  "Ra* 
C  03  until  the  solution  is  slightly  alkaline,  acidulate  with  acetic  acid, 
and  precipitate  the  lead  as  chromate  by  acid  potassium  chromate.  Fil- 
ter on  counterpoised  filter,  and  weigh  as  Pb  Cr  O*,  which  contains  64.04 
per  cent,  of  lead. 

CUPROUS  OXIDE,  OB  OXYGEN. 
(Abel,  Journal  of  Chem.  Soc,  XVII,  1C4.) 

Carefully  weigh  a  piece  of  the  copper,  after  cleaning  the  surface  from 
any  adhering  oxide  by  means  of  a  file  or  sandpaper,  and  digest  it  in  a 
cold  neutral  solution  of  silver  nitrate  for  three  or  four  hours.  Remove 
the  portion  unacted  upon,  wash  it  off  carefully,  dry,  and  weigh  it;  the 
difference  between  this  and  the  first  weight  gives  the  amount  of  copper 
acted  upon  by  the  silver  nitrate. 

Filter  through  asbestos,  and  wash  the  mixture  of  precipitated  silver 
and  basic  cupric  nitrate.  Digest  it  for  half  an  hour  in  a  known  quan- 
tity of  sulphuric  acid  containing  1  part  H2  S  04  to  100  parts  water.  Filter 
from  the  metallic  silver,  and  determine  the  free  acid  by  alkalimetry. 

The  quantity  of  acid  neutralized  by  the  cupric  oxide  is  equivalent  to 
the  cuprous  oxide,  or  oxygen  in  the  metallic  copper  in  accordance  with 
the  reaction. 

Ou3  O  +  2  Ag  N  03=2  Ag  +  Cu  (8  03)a  Cu  O. 

Professor  Abel  used  in  his  estimations  a  solution  .of  K%  C  03  to  neu- 
tralize the  sulphuric  acid,  but  I  find  a  solution  of  ammonia  much  more 
satisfactory.  I  have  prepared  the  sulphuric  acid  and  ammonia  as  fol- 
lows: 

Heat  pure  sulphate  of  copper  in  a  porcelain  crucible  until  it  becomes 
anhydrous  (the  heat  should  not  exceed  a  very  low  red).  Transfer  it  to 
a  carefully  weighed  glass  tube,  stopped  with  a  cork  covered  with  tin  foil, 
while  still  hot:  cool  in  a  desiccator,  and  weigh.  The  difference  is  the 
weight  of  the  CuS04. 

Wash  the  tube  out  carefully  into  a  flask,  dissolve  in  distilled  water, 
heat  to  boiling,  and  precipitate  the  Cu  by  a  current  of  H2  S.    When  the 
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On  is  all  precipitated,  filter,  wash  with  hot  water,  and  make  up  the  fil- 
trate to  the  proper  volume,  according  to  the  proportion 

159.2 :  98=wt.  of  Ou  S  04 :  wt.  of  H2  S  04 

so  that  the  solution  shall  contain  in  100  c.  c.  one  grm.  of  H2  S  04. 
Thirty  grammes  of  the  crystallized  sulphate  of  copper  will  make  about  1 
liter  of  the  standard  acid. 

To  prepare  the  ammonia,  take  25  c.  c.  strong  N  H4  H  O,  and  dilate  it  to 
about  800  c.  c.  with  distilled  water.  Add  a  few  drops  of  an  aqueous  solu- 
tion of  haematoxylin  to  25  c.  c.  of  the  standard  acid  dilated  to  about  300 
c.  c,  and  add  the  ammonia  from  a  burette  until  the  proper  reaction  is 
obtained.  Then  by  a  simple  proportion  determine  the  amount  of  dilu- 
tion required  to  make  1  c.  c.  of  the  ammonia  equal  to  1  c.  c.  of  the  acid. 
For  instance,  if  the  ammonia  solution,  after  filling  the  burette,  measures 
800  c.  c,  and  there  is  required  of  it  20  c.  c.  to  saturate  25  c.  c.  of  the  acid, 
then  20 :  25=800 :  1000,  and  200  c.  c.  of  distilled  water  must  be  added  to 
the  ammonia  solution  to  make  it  the  proper  strength. 

If  the  ammonia  solution  should  prove  to  be  two  weak  at  first,  add  a 
little  strong  ammonia,  and  repeat  the  titration.  If  upon  testing  the  am- 
monia solution  after  dilution  it  should  prove  to  be  withiu  two  or  three 
tenths  of  a  c.  c.  in  50  of  the  proper  strength,  it  is  accurate  enough. 

In  the  determination  of  the  suboxide  of  copper,  after  digesting  the 
silver  and  basic  cupric  nitrate  in  50  c.  c.  of  the  standard  acid,  and  filter- 
ing from  the  precipitated  silver,  dilute  to  about  400  c.  c,  add  the  hae- 
matoxylin, and  run  in  the  ammonia  solution  from  a  burette  until  the 
yellow  color  of  the  solution  disappears.  Subtract  the  number  of  c.  c. 
thus  obtained  from  the  number  required  to  neutralize  the  standard  acid ; 
the  difference  is  the  volume  of  standard  acid  required  to  neutralize  the 
.basic  cupric  salt.  Then,  as  1  c.  c.  of  the  standard  acid  is  equal  to  0.0  L 
grm.  of  the  H2  S  04,  multiply  the  number  of  c.  c.  obtained  by  .01,  and 
the  result  is  the  weight  of  H3  S  04  neutralized.    Then, 

H2  8  04 :  Cu20=wt.  of  H2  8  04  obtained :  wt.  of  Cu2  O  required. 
Or, 

H3  8  04 :  0=wt.  of  H3  8  04  obtained :  wt  of  O  required. 

These  weights  divided  by  the  amount  of  copper  acted  upon  by  the 
solution  of  Ag  K  Q3  give  the  percentages  respectively  of  Cu2  O  and  oxy- 
gen in  the  copper. 

TIN. 

Dissolve  10  grms.  of  the  copper  in  HN03,  evaporate  to  dryness,  and 
heat  in  a  porcelain  dish  until  the  cupric  nitrate  is  decomposed.  Redis- 
solve  in  H  N  Os,  dilute,  and  stand  aside  until  the  Sn  02  shall  have  set- 
tled. Filter,  wash,  and  dry  the  precipitate.  Separate  the  Sn  Oa  as  per- 
fectly as  possible  from  the  filter,  burn  the  filter,  and  fuse  the  whole  with 
equal  parts  of  Naa  O  03  and  8.  Dissolve  in  water,  filter,  and  precipi- 
tate the  sulphide  of  tin  with  dilute  H  01  or  H,  8  04.  Filter,  wash  with 
water  containing  ammonium  acetate,  dry,  and  roast  at  a  low  heat  until 
the  8  is  burned  off:  raise  the  heat  gradually,  and  ignite  at  a  high  tem- 
perature 5  finally  allow  it  to  cool  and  heat  several  times  with  ammonium 
carbonate,  and  until  the  weight  is  constant.  Weigh  as  Sn  Oa,  which 
contains  78.38  per  cent  of  tin. 

If  the  copper  contains  antimony,  this  precipitate  must  be  treated  by 
Hose's  method  (fusion  with  sodium  hydrate  in  a  silver  crucible),  and  the 
amount  of  8b  determined  and  subtracted  from  the  weight  of  Sn  Oa. 
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CARBON. 

Dissolve  a  weighed  amount  of  the  copper  in  double  chloride  of  copper 
and  ammonium,  filter  on  asbestos,  and  ignite  in  a  current  of  oxygen, 
as  in  determination  of  total  carbon  in  steel. 

SULPHUR. 

Ignite  the  finely  divided  copper  for  several  hours  in  a  current  of  puri- 
fied hydrogen,  pass  the  gas  through  a  solution  of  oxide  of  lead  in 
potassium  hydrate,  and  treat  the  precipitate  as  in  determination  of 
sulphur  in  iron  and  steel. 

SEPAEATION  OF  TIN  AND  COPPEB  IN  ALLOYS. 

Dissolve  1  gnn.  of  the  alloy  in  II  K"  03,  evaporate  to  dryness  on  the 
water-bath,  cool  and  moisten  the  dry  residue  with  H  CI.  Allow  it  to 
stand  at  the  ordinary  temperature  for  several  hours,  and  add  about  700 
or  800  c.  c.  of  cold  water.  It  should  dissolve  without  residue.  Add  50 
c.  c.  of  dilute  H2,  S  04  (one  of  acid  to  ten  of  water),  and  stand  over  night 
on  the  water-bath.  Decant  the  clear  supernatant  fluid  through  a  filter, 
wash  several  times  by  decantation  with  hot  water,  and  boil  the  precipi- 
tate with  a  mixture  of  H  N  03  and  water,  one  to  ten.  Allow  the  pre- 
cipitate to  settle,  decant,  and  wash  by  decantation  through  the  same 
filter.  Finally,  transfer  to  the  filter,  wash  with  hot  water,  dry,  ignite, 
and  weigh  as  Sn  Oz,  which  contains  78.38  per  cent.  Sn.  Test  the  pre- 
cipitate for  lead  and  copper  by  fusion  with  Na2,  O  03,  and  S.  Evapor- 
ate all  the  filtrates  from  the  Sn  02,  and  heat  until  fumes  of  S  03  are 
given  off.  Cool,  dilute,  and  precipitate  the  Cu  by  electrolysis,  as  in  the 
determination  of  Cu  in  ingot  copper. 

SEPARATION  OP  COPPEB  AND  ZINC  IN  ALLOYS. 

Dissolve  1  gtm.  of  the  alloy  in  10  c.  c.  H  BT  03,  add  8  c.  c.  strong  H* 
S  04,  and  heat  until  fumes  of  S  03  are  given  off.  Cool,  dilute,  and  pre- 
cipitate the  Cu  by  electrolysis,  washing  off  the  cylinder  with  distilled 
water  into  the  beaker  containing  the  solution.  Pass  H2  8  into  this  solu- 
tion, collect  any  Cu  S  that  may  be  precipitated  on  a  small  filter,  and 
determine  the  amount  as  in  the  determination  of  Cu  in  iron  and  steel. 
To  the  filtrate  add  a  little  bromine  water  to  destroy  the  S  and  oxidize 
any  iron  which  may  be  present;  neutralize  with  Naj  C  03,  add  excess  of 
acetic  acid  and  sodium  acetate,  and  boil  to  separate  the  iron ;  filter,  heat 
to  boiling,  and  precipitate  the  zinc  as  sulphide  by  a  current  of  H2  8. 
Allow  the  precipitate  to  settle;  wash  by  decantation  with  water  con- 
taining H3  8.  Finally  transfer  to  the  filter,  wash,  dry,  ignite  several 
times  with  ammonium  carbonate,  and  weigh  as  Zn  O,  which  contains 
80.24  per  cent,  of  Zn. 

SEPAEATION  OF  COPPEB,  TIN,  AND  ZINO  IN  ALLOYS.  . 

Digest  1  grm.  of  the  triple  alloy  in  H  N  O3,  evaporate  to  dryness, 
cool,  moisten  with  H  CI,  and  determine  the  Sn  02  as  in  the  determina- 
nation  of  Sn  in  copper-tin  alloys.  Determine  the  Cu  in  the  filtrate  by 
electrolysis  as  in  the  same  separation,  and  the  Zn  in  the  solution  from 
the  copper  precipitation,  as  in  the  determination  of  Zn  in  copper-zinc 
alloys. 
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DETERMINATION  OF  SMALL  AMOUNTS  OF  LEAD  IN  COMMERCIAL  ZINC 

AND  ALLOYS. 

I  have  applied  Abel  and  Field's  method  for  the  determination  of  lead 
in  ingot  copper  to  its  determination  in  commercial  zinc  (spelter)  and  the 
various  alloys  of  Cu,  Zn,  and  Sn.  The  mode  of  procedure  is  the  same, 
except  in  alloys  containing  tin.  In  these  treat  10  grms.  of  the  alloy  with 
H  N  03,  evaporate  to  dryness,  boil  with  100  c.  c  H  N  Q3,and  water,  equal 
parts,  dilute,  filter  from  Sn  02,  add  a  little  N  H4,  Na,  H,  P  04,  and  excess 
of  N  H4  H  O.  Allow  the  precipitate  to  settle,  filter,  wash  with  water 
containing NH4H  O, dissolve  on  the  filter  in  hot  dilute  H  Gl,  and  allow 
the  solution  to  run  into  a  small  beaker.  Add  excess  of  K  H4 II O  and 
N  H4  H  S.  Allow  the  precipitate  to  settle,  filter,  and  wash  with  water 
containing  N  H4  H  S.  Dry  and  ignite  the  precipitate  and  filter,  transfer 
to  a  small  beaker,  digest  in  H  N  03  and  a  little  H2  S  04,  evaporate  off  the 
H  N  03,  dilute  with  water  and  alcohol,  equal  parts,  and  allow  the  Fb 
S  04  to  settle.  Filter,  wash,  dry,  ignite,  and  weigh  as  Pb  S  04,  which 
contains  68.32  per  cent.  Fb, 
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EDITOR'S   PREFACE. 


The  investigation  of  the  properties  of  alloys  of  copper  and  tin  here 
reported  npon  was  entered  npon  under  a  resolution  of  the  United  States 
Board  to  Test  Iron,  Steel,  and  other  Metals,  passed  April  17, 1875,  direct- 
ing a  determination  of  "  the  mechanical  properties  and  of  the  physical 
and  chemical  relation  of  alloys  of  copper,  tin,  and  zinc,"  and  under  the 
arrangement  of  committees  approved  by  the  board,  April  23, 1877,  which 
assigned  to  the  committee  on  alloys  the  duty  of  "  assuming  charge  of  a 
series  of  experiments  on  the  characteristics  of  alloys  and  an  investiga- 
tion of  the  laws  of  combination." 

This  research  was  conducted  in  the  Mechanical  Laboratory  of  the  De- 
partment of  Engineering  of  the  Stevens  Institute  of  Technology  under 
the  authorization  of  the  Trustees,  who,  although  without  power  to  as- 
sume responsibility  involving  pecuniary  risk,  cordially  gave  the  work 
their  countenance,  and  permitted  the  use  of  every  facility  which  the 
Institute  afforded  in  the  prosecution  of  the  work,  and  as  have  the  Presi- 
dent and  members  of  the  Faculty,  aided  most  effectively  wherever  oppor- 
tunity offered. 

This  preliminary  study  of  a  wide  and  important  field  will,  it  is  hoped, 
prove  to  have  been  so  satisfactorily  done  that  a  repetition  of  the  work 
may  never  be  required,  and  that,  in  the  future,  research  may  be  thus 
profitably  confined  to  matters  of  detail  in  those  parte  of  this  field  which 
are  here  shown  to  be  of  most  promise  and  where  investigation  may  be 
most  certain  to  yield  liberal  returns. 

The  principal  assistant  and  observer  in  this  extended  and  extremely 
laborious  work  has  been  Mr.  William  Kent,  without  whose  intelligent 
assistance  we  should  have  often  found  it  necessary  to  suspend  work 
temporarily,  and  should  have  been  compelled  to  take  a  very  much  longer 
time  for  its  completion.  1  cannot  speak  too  highly  of  his  conscientious 
and  skillful  work,  not  only  at  the  testing-machines,  but  in  working  up 
results.  He  is  to  be  credited  also  with  many  valuable  suggestions  and 
with  some  of  the  very  ingenious  devices  which  have  greatly  abridged 
the  work.  The  committee  are  also  indebted  for  similar  assistance  to 
Mr.  J.  E.  Denton,  assistant  in  charge  of  the  Mechanical  Laboratory,  to 
Mr.  Theo.  F.  Koezly,  and  to  Mr.  and  Mrs.  F.T.Thurston.  The  latter  were 
invaluable  coadjutors  in  the  preparation  of  the  report,  and  especially  of 
its  illustrations.  The  conscientious  accuracy  of  their  work  is  best  indi- 
cated by  reference  to  the  plates  which  accompany  this  report.  Mr.  F. 
T.  Thurston  is  especially  entitled  to  credit  for  essential  assistance  ren- 
dered in  editing  this  report,  every  page  of  which  has  passed  under  his 
revision. 
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With  their  skillful  aid,  the  endeavor  has  been  made  to  carry  out  the 
plan  of  the  committee  faithfully  and  with  all  possible  thoroughness  and         ! 
accuracy.  I 

The  intention  of  the  committee  was,  not  to  determine  the  character  of         ' 

.'  i 

chemically  pure  metals,  melted,  cast  and  cooled  with  special  precaution, 
but  to  acertain  the  practical  value  of  commercial  metals,  as  found  in 
the  markets  of  the  United  States,  melted  in  the  way  that  such  alloys 
are  prepared  in  every  foundry  for  business  purposes,  and  cast  and 
otherwise  treated  in  every  respect  as  the  brass-founder  usually  handles 
his  work.  The  endeavor  has  been  to  determine  what  is  the  practical 
value,  to  the  brass-founder  and  to  the  constructor,  of  commercial  mate- 
rials treated  in  the  ordinary  manner  and  without  any  special  precaution 
or  any  peculiar  treatment. 

The  investigation  of  the  effect  of  Various  kinds  of  fluxes  and  methods 
of  fluxing  and  of  special  methods  of  treatment  of  the  alloys  after  cast- 
ing, is  reserved  for  a  future  research. 

The  result  of  this  investigation  has  been  the  approximate  determina- 
tion of  the  mechanical  properties  of  all  alloys  of  copper  and  tin. 

The  set  of  diagrams  representing  the  method  of  variation  of  each  of 
these  properties  with  variation  of  composition,  will  exhibit  this  result 
most  satisfactorily. 

Those  diagrams  form  a  very  concise  compendium  of  the  whole  work. 
Other  diagrams  are  given,  of  which  the  curves  exhibit  the  behavior  of 
every  test-piece  from  the  instant  of  application  of  the  initial  load  to  the 
end  of  the  test.  The  fac  similes  of  the  Autographic  Strain  Diagrams 
obtained  automatically  by  the  use  of  the  Autographic  Recording  Test- 
ing-Machine, designed  by  the  writer,  also  exhibit  the  characteristics  of 
each  alloy  as  described  by  itself,  and  give  the  strength,  resilience,  mo- 
dulus of  elasticity,  and  homogeneousness  of  every  portion  of  every  bar 
of  metal  made. 

In  the  text  of  the  report  will  be  found  a  statement  of  the  more  im- 
portant facts  determined,  and  the  tables  appended  contain  all  the  results 
of  observation.  The  whole  forms  a  collection  of  facts  that  will  probably 
repay  a  vastly  more  complete  analysis  and  more  careful  study  than  it 
has  been  possible  to  give  them. 

Little  more  has  been  done  than  to  determine  facts;  their  comparison 
and  the  determination  of  laws  and  of  corollaries  is  a  still  greater  task, 
and  months  might  be  profitably  spent  in  the  work. 
Very  respectfully, 

E.  H.  THURSTON, 
Chairman  of  Committee, 

Editor  of  Report 
Mechanical  Laboratory, 

Department  of  Engineering, 

Stevens  Institute  op  Technology, 

February  25, 1879. 


To  the  United  States  Board  appointed  to  test  Iron,  Steel,  and  other  Metals: 

Gentlemen  :  The  undersigned,  a  committee  appointed  by  you  with 
instructions  "  to  assume  charge  or  a  series  of  investigations  of  the  char- 
acteristics of  alloys,"  present  herewith  a  report  upon  the  Copper-Tin 
Alloys. 

This  research  has  been  made  under  the  direction  of  this  committee, 
and*under  the  direct  supervision  of  its  chairman.  The  committee 
will,  immediately  upon  its  completion,  present  a  similar  report  upon  the 
Copper-Zinc  alloys,  and  a  report  upon  the  Triple  Alloys  of  Copper,  Tin, 
and  Zinc  will  follow.  The  work  has  been  done  in  the  same  way  and 
under  the  same  direct  supervision  as  that  on  the  copper-tin  alloys. 

The  committee  take  great  pleasure  in  presenting  these  reports  to  the 
board.  They  represent  the  results  of  the  first  complete  and  systematic 
researches  ever  made  upon  these  most  important  of  all  the  alloys  of  use- 
ful metals.  This  work  has  been  carefully  planned,  and  the  plans  formed 
have  been  completely  carried  out.  The  result  has  been  the  complete 
exploration  of  a  broad  and  most  important  field  of  which  almost  nothing 
was  previously  known.  Ordnance-bronze,  bell  metal,  and  speculum- 
metal,  a  few  grades  of  brass  and  of  the  triple  alloys,  were  the  only 
alloys  familiar  to  our  founders  and  engineers. 

The  whole  field  has  now  been  explored  and  the  useful  alloys  are 
epoven  to  occupy  but  a  limited  portion  of  its  great  extent,  and  it  has 
iben  now  shown  that  a  comparatively  narrow  band  extending  from 
ordnance-bronze,  on  the  one  side  of  this  triangular  territory,  to  Muntz 
metal,  on  the  other,  contains  all  of  the  best  of  the  generally  useful 
alloys.  This  small  portion  of  valuable  territory  having  been  pointed 
out  and  defined,  its  more  minute  study  may  be  left  for  future  investi- 
gators. 

Your  committee  desire  to  invite  especial  attention  to,  and  to  ask  a 
careful  study  of,  the  strain-diagrams  of  the  copper-tin  and  the  copper- 
zinc  alloys,  and  a  still  more  careful  examination  of  the  graphical  repre- 
sentation of  the  results  of  the  research  od  the  copper-tin -zinc  alloys,  as 
presenting  most  completely  and  satisfactorily  the  characteristics  of  all 
possible  combinations  of  the  metals  used. 
Very  respectfully, 

K.  H.  THURSTON, 
L.  A.  BEARDSLEE, 
DAVID  SMITH, 
Committee  on  Metallic  Alloys. 

zn 
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A  PRELIMINARY  EXPERIMENTAL  RESEARCH  UPON  THE 
MECHANICAL  PROPERTIES  OF  SMALL  CASTINGS  OP  THE 
ALLOYS  OF  COPPER  AND  TIN. 

The  part  of  this  research  which  has  been  completed,  and  of  which 
the  results  are  given  in  the  following  pages,  consists  of  an  investigation 
of  the  strength,  ductility,  resilience,  and  other  mechanical  properties  of 
the  alloys  of  copper  and  tin,  in  the  form  of  cast  bars  about  28  inches 
long  and  1  inch  square  in  section,  prepared  from  the  best  commercial 
metals,  simply  ordinary  precautions  being  taken  to  secure  good  cast- 
ings. It  was  desired  to  learn,  besides  the  properties  of  each  particular 
alloy,  the  laws  which  connected  these  properties  with  the  proportions 
of  the  component  metals,  and  also  whether  alloys  mixed  in  simple  pro- 
portions of  the  chemical  equivalents  of  the  component  metals  possessed 
any  advantages  over  other  mixtures.  It  was  reserved  for  a  subsequent 
research  to  determine  the  effect  of  various  methods  of  casting,  of  rapid 
or  slow  cooling,  of  casting  under  pressure,  of  using  special  fluxes,  and 
of  the  effects  of  rolling  and  hammering. 

Two  series  of  these  alloys  were  made,  the  first  consisting  of  twenty- 
nine  bars,  of  which  twenty-three  were  mixtures  of  the  metals  in  atomic 
proportions,  four  were  mixtures  made  without  regard  to  the  atomic  pro- 
portions, and  the  remaining  two  were  a  bar  of  copper  and  a  bar  of  tin, 
each  without  admixture. 

The  second  series  comprised  twenty  bars,  ranging  from  97J  per  cent, 
copper  and  2£  per  cent,  tin  to  97£  tin  and  2J  copper,  with  a  regular 
difference  of  composition  between  consecutive  bars  of  5  per  cent.  In 
addition  to  these  alloys  a  few  other  bars  of  cast  copper  were  made  and 
one  of  cast  tin. 

After  the  bars  were  prepared  they  were  tested  first  by  transverse 
stress  in  the  manner  hereinafter  described.  The  pieces  remaining  from 
the  transverse  tests  were  then  turned  into  proper  shape  and  tested  by 
tensile  stress.  The  ends  of  the  tensile-test  pieces  were  then  tested  by 
torsion.  In  general,  each  bar  sufficed  for  one  transverse,  two  tensile, 
and  four  torsional  tests,  and  in  some  cases  compression-test  pieces  were 
made,  as  described  hereafter.  The  turnings  made  in  shaping  the  tensile- 
test  specimens  were  carefully  saved  for  chemical  analysis.  Small  pieces 
from  each  tensile  specimen  were  saved  for  the  determination  of  the 
specific  gravity. 

FIBST  SERIES — COPPER  AND  TIN  ALLOYS. 

The  metals  used  in  preparing  the  first  series  of  copper  and  tin  alloys 
were  procured  from  responsible  dealers,  and  reported  by  them  to  be  the 
purest  commercial  metals  in  market.  The  weighing  was  made  with 
great  care  in  the  Physical  Laboratory  of  the  Stevens  Institute  of  Tech- 
nology, on  a  balance  made  by  Messrs.  Saxton  and  Bachelor  the  United 
States  Bureau  of  Weights  and  Measures.  The  metal  weighed  out  for 
each  bar  was  4.5  kilogrammes  (about  9.92  pounds),  and  the  weighing  was 
made  in  all  cases  to  within  one-tenth  of  a  gramme,  the  balance  being 
sensitive  to  a  very  much  smaller  weight.  The  error  in  weighing  was 
less  than  -^ohro  of  the  whole. 

A  similar  balance  was  exhibited  by  the  Bureau  of  Weights  and  Meas- 
ures of  the  United  States  Treasury  Department  at  the  Paris  Exposi- 
tion of  18G7,  and  is  stated  in  Prof.  F.  A.  P.  Barnard's  report  to  have 
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been  sensitive  to  tfbtsWutt  °f  *e  weight  in  each  scale,  and  to  have  re- 
ceived the  highest  praise  from  eminent  French  authorities.* 

The  following  table  gives  the  composition  of  the  alloys  of  the  first 
series  according  to  their  atomic  proportions  and  percentages  of  original 
mixture,  and  also  according  to  chemical  analysis  made  after  the  tests: 

Table  I.— Alloys  of  Copper  and  Tix.— First  Series. 
Composition  by  Original  Mixture  and  Analysis, 


Humber. 


Atomic  propor- 
tion. 


Co.        Sn. 


Percentage  by 
original  mix- 
tore. 


Cn. 


Sn. 


Mean  percent- 
age b 
alyaia. 


ipercent- 
>  oy  an- 


Cn. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
10. 
17. 
18. 
10. 
20. 
21. 
22. 
23. 
24. 
25. 
28. 
27. 
28. 
29. 


12 


100 
98.1 
98.27 
92.80 
90.00 
86.67 
80.00 
76.32 
70.00 
68.25 
65.00 
61.71 
56.32 
51.80 
47.95 
44.63 
41.74 
39.20 
34.95 
28.72 
24.38 
21.18 
15.19 
1L84 
9.70 
4.29 
1.11 
0.557 
0 


0 

1.9 
8.73 
7.20 
10.00 
13.43 
20.00 
23.68 
30.00 
31.75 
35.00 
38.29 
43.68 
48.20 
52.05 
55.37 
58.26 
60.80 
65.05 
71.28 
75.62 
78.82 
84.81 
88.16 
90.30 
95.71 
98.89 
09.443 
100 


97.89 
96.06 
92.11 
90.27 
87.15 
80.95 
76.84 
69.84 
68.58 
65.34 
62.31 
56.70 
51.62 
47.61 
44.52 
42.38 
3a  37 
34.22 
25.85 
23.35 
20.25 
15.08 
11.49 
8.57 
8.72 
0.74 
0.32 


1.90 
8.76 
7.80 
9.58 
12.73 
18.84 
23.24 
29.89 
31.26 
34.47 
37.35 
43.17 
48.09 
52.14 
55.28 
57.30 
61.32 
65.80 
73.80 
76.29 
79.63 
84.62 
88.47 
91.39 
96.31 
99.02 
99.46 


8.487 
&  564 
8.649 
a  694 
a  669 
a  681 
a  740 
a  565 
a  932 
8.938 
a  947 
a  970 
a  682 
a  569 
a  442 

a  312 

a  302 
8.182 
8.013 
7.948 
7.835 
7.770 
7.657 
7.552 
7.487 
7.360 
7.305 
7.299 
7.293 


Analyses  of  the  ingot  metal  used  in  these  alloys  were  made,  with  the 
following  results: 


Ingot  Lake 
Superior 
Copper. 


Ingot 
Banca  Tin. 


Ingot 

Queensland 

Tin. 


Metallic  iron 

Metallic  zinc 

Metallic  silver 

Metallic  arsenic 

Metallic  antimony 

Metallic  cobalt 

Metallic  bismutu 

Metallic  nickel 

Metallic  lead 

Metallic  manganese 

Metallic  molybdenum 

Metallic  tungsten 

Metallic  copper 

Metallic  tin 

Suboxide  of  copper 

Carbon  

Matter  insoluble  in  aquaregia. 


0.013 
none 
0.014 
none 
none 


0.035 
none 


none 
none 


none 
trace 


none 
none 
none 


99.420 
none 
0.537 
0.041 


0.035 
none 

trace 
none 
none 
none 
none 
0.165 
0.006 
none 
none 


none 
99.978 


99.794 


trace 


100.025 


100.013 


100.00 


•United  States  Reports  on  Paris  Exposition,  Vol.  Ill,  p.  485. 
18  T  M 
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All  the  bars  were  made  in  the  brass  foundry  of  the  Mechanical  Labor- 
atory of  the  Stevens  Insitute  of  Technology,  by  an  experienced  brass 
founder,  but  considerable  difficulty  was  met  with  in  the  cases  of  many 
of  them  in  consequeuce  of  the  variable  and  unusual  proportions  in 
mixtures  adopted  which  necessitated  different  methods  of  treatment 
Several  bars  had  to  be  recast  one  or  more  times  to  secure  even  fairly 
good  castings. 

The  crucibles  used  were  made  of  a  composition  of  plumbago  and  fire- 
clay. They  were  6£  inches  in  height  and  4£  inches  largest  diameter, 
inside  measurements.  The  furnace  was  an  ordinary  brass  founder's 
furnace,  furnished  with  a  strong  chimney  draught.  The  fuel  used  was 
anthracite  coal.  In  mixing,  the  copper  was  first  melted  and  the  tin 
added  in  the  solid  state,  in  small  portions  at  a  time,  and  the  mixture 
thoroughly  stirred  with  a  dry  wooden  lath. 

The  first  castings  were  made  in  dry  sand  molds,  but  so  much  trouble 
%  was  given  by  irregular  surfaces  and  blow-holes  that  recourse  was  had  to 
*  a  cast-iron  mold,  which  gave  better  results.  When  the  metal  was  poured 
at  too  low  a  temperature  into  the  cold  mold  it  was  sometimes  slightly 
chilled,  giving  an  irregular  surface.  This  was  remedied  by  heating  the 
mold  to  a  temperature  somewhat  below  the  melting  point  of  the  alloy, 
the  highest  temperature  being  given  it  in  casting  alloys  containing  the 
largest  percentages  of  copper.  In  all  cases  the  mold  was  placed  in  a 
vertical  position  while  the  metal  was  being  poured  and  cooled.  The  fol- 
lowing is  a  statement  of  the  method  of  casting  of  each  of  the  twenty- 
nine  bars. 

No.  1.  All  copper.  Cast  twice  in  dry  sand  mold.  Bar  broke  in  middle 
each  time  (probably  by  shrinkage).  Cast  in  cold  iron  mold — surface  un- 
even.   Cast  in  hot  iron  mold — good. 

No.  2.  97.89  copper,  1.90  tin.    Cast  in  dry  sand — good. 

No.  3.  9C.06  copper,  3.76  tin.  Cast  in  cold  iron  mold— spongy  appear- 
ance on  surface.  Becast  in  hot  iron  mold — surface  somewhat  streaked 
and  irregular. 

No.  4.  92.11  copper,  7.80  tin.  In  cold  iron  mold — surface  bad.  Becast 
in  hot  iron  mold — good. 

No.  5.  90.27  copper,  9.58  tin.    In  hot  iron  mold— good. 

No.  6.  87.15  copper,  12.73  tin.    In  dry  sand — good. 

No.  7.  80.95  copper,  18.84  tin.  In  dry  sand — bad  surface.  Becast  in 
hot  iron  mold — good. 

No.  8.  76.64  copper,  23.24  tin.    In  dry  sand — good. 

No.  9.  69.84  copper,  29.89  tin.  In  dry  sand — good.  Very  weak  and 
brittle,  and  broke  in  handling.    Becast  in  hot  iron  mold — good. 

No.  10.  68.58  copper,  31.26  tin.    In  hot  iron  mold — good. 

No.  11.  65.34  copper,  34.47  tin.    In  hot  iron  mold — good. 

No.  12.  62.31  copper,  37.35  tin.  In  hot  iron  mold — good.  Broke  in 
taking  out  of  mold.    Becast  three  times  before  getting  a  good  casting. 

No.  13.  56.70  copper,  43.17  tin.  In  hot  iron  mold — good.  Broke  in 
handling.  Becast  twice,  breaking  each  time  in  the  moid.  Fourth  cast- 
ing good. 

No.  14.  51.62  copper,  48.09  tin.  In  hot  iron  mold— good.  Broke  in 
handling,  leaving  piece  19  inches  long  sufficient  for  test. 

No.  15.  47.61  copper,  52.14  tin;  to  No.  23. 15.08  copper,  84.62  tin,  in- 
clusive.   In  hot  iron  molds — first  castings  good. 

No.  24.  11.49  copper,  88.47  tin.  In  hot  iron  mold.  Bottom  of  mold  not 
well  stoppered,  and  part  of  metal  ran  out.    Becast — good. 

No.  25.  8.57  copper,  91.39  tin.  In  hot  iron  mold.  Ban  out  of  bottom 
of  mold.    Becast — good. 
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No.  26.  3.72  copper,  96.31  tin.    In  hot  iron  mold — good. 

No.  27.  0.74  copper,  99.02  tin.    In  hot  iron  mold — good. 

No.  28.  0.32  copper,  99.46  tin.    In  hot  iron  mold — good. 

No.  29.  All  tin.  In  cold  iron  mold — surface  irregular.  Recast  in 
cold  iron  mold  with  like  result.  In  hot  iron  mold  broke,  apparently  by 
shrinkage.    Recast  several  times  in  hot  mold  before  getting  a  good  bar. 

After  casting,  the  bars  were  finished  to  a  rectangular  section  by  chip- 
ping and  filing,  and  the  more  brittle  bars  by  grinding  with  an  emery - 
wheeL 

EXTERNAL  APPEABANCE  OF  THE  BARS. 

Much  could  be  learned  from  the  appearance  of  the  bars  after  casting, 
both  of  their  properties  and  of  their  probable  behavior  under  test  The 
following  were  characteristic  features: 

(1)  A  regular  gradation  in  color  took  place  from  bar  No.  1,  all  copper, 
down  to  No.  8,  76.64  copper,  23.24  tin,  the  polished  surface  of  which 
latter  was  light  golden  yellow.  There  was  a  regular  gradation  in  hard- 
ness, the  No.  8  being  filed  with  great  difficulty. 

(2)  A  sudden  change  of  color  and  of  all  properties  took  place  at  bar 
No.  9 — 69.84  copper,  29.89  tin.  This  bar  was  silver- white  in  color,  and 
so  hard  that  it  could  not  be  touched  with  a  file.  Pieces  broken  off 
showed  a  smooth,  curved  or  conchoidal  fracture.  No.  10—68.58  copper, 
31.26  tin — was  almost  exactly  similar  to  No.  9,  and  No.  11 — 65.34  copper, 
34.47  tin— but  little  different. 

(3)  Another  change  of  color  and  properties  at  No.  12 — 62.31  copper, 
37.35  tin— wbich  bar  was  of  a  dark  bluish-gray  color,  and  the  fracture 
somewhat  similar  to  that  of  a  piece  of  granite  or  other  hard  rock.  This 
was  the  most  dense  alloy  of  the  series,  as  shown  in  the  table  of  specific 
gravities.  No.  13 — 56.70  copper,  43.17  tin — was  similar  to  No.  12,  but 
lighter  in  color  and  a  little  softer. 

(4)  Bar  No.  14—51.62  copper,  48.09  tin — was  peculiar  in  showing  a 
marked  difference  of  color  and  of  other  properties  in  the  two  ends  of 
the  bar.  The  upper  end  was  precisely  like  bar  No.  12,  while  the  bottom 
was  of  a  much  lighter  color,  granular  fracture,  and  was  so  soft  that  it 
could  be  cut  with  a  knife  like  a  piece  of  chalk  or  soapstone. 

(5)  A  change  of  properties  between  bars  No.  14  and  No.  20 — 25.85 
copper,  73.80  tin — occurred  gradually,  the  bars  becoming  whiter  and 
softer,  and  the  appearance  of  fracture  changing  from  rough  and  stony- 
like  to  crystalline  or  granular.  No.  20  could  be  cut  with  a  knife,  giving 
a  short  chip  which  had  slight  cohesion.  From  No.  20  to  No.  29  (all  tin) 
the  softness  increased  gradually,  No.  21  giving  a  malleable  chip  on  being 
cut.  From  No.  24  to  No.  29  the  appearance  of  all  the  bars  was  very 
much  the  same,  differing  slightly  in  hardness,  and  scarcely  at  all  in 
color. 

From  these  appearances  it  would  have  at  once  been  conjectured  that 
bars  No.  1  to  No.  8  were  the  only  ones  likely  to  prove  of  value  where 
strength  was  required,  and  that  bars  No.  9  to  No.  18,  inclusive,  were 
deficient  in  ductility  as  well  as  in  strength,  and  for  ail  practical  pur- 
poses (except,  perhaps,  the  extremely  limited  use  for  special  purposes, 
as  speculum  metal)  absolutely  worthless. 

Nearly  all  of  the  bars  appeared  to  be  good  castings,  except  the  fol- 
lowing: No.  1,  all  copper,  had  several  blow-holes  in  the  upper  surface, 
chiefly  at  the  upper  end;  No.  2 — 97.89  copper,  1.90  tin— had  a  large  cav- 
ity in  the  bottom  end  of  the  bar,  about  2  inches  long  and  varyiug  from 
J  to  £  inch  in  diameter;  No.  21 — 23.35  copper,  76.29  tin — had  a  blow- 
hole or*cavity  extending  the  whole  length  of  the  bar,  except  5  inches  of 
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the  upper  end.  Its  diameter  was  afterward  found  to  vary  from  J  inch  to 
nearly  £  inch  in  different  parts  of  the  bar.  This  was  a  peculiar  case,  and 
nothing  resembling  it  was  met  with  in  bars  of  different  compositions. 

TRANSVERSE  TESTS. 

Tests  of  the  first  series  by  transverse  stress  were  made  with  dead 
weights  on  an  apparatus  built  for  the  purpose,  a  sketch  of  which  is  shown 
below. 
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Fig.  1. 

A  A  are  two  vertical  pieces  of  timber  firmly  braced  to  base  pieces  B  B. 
Two  flat  steel  plates  are  fastened  on  the  top  of  the  vertical  timbers  and 
their  upper  surfaces  made  perfectly  level.  Two  steel  mandrels,  c  c,  J  J 
inches  in  diameter,  rest  on  these  plates  and  support  the  bar  to  be  tested, 
D.  The  weights  are  placed  on  the  tray  E,  which  hangs  from  a  third 
mandrel  resting  on^the  upper  edge  of  the  bar  at  its  center.  The  tray, 
with  the  weights  and  mandrel,  may  all  be  raised  at  once  by  a  differen- 
tial pulley.  In  lowering,  the  pulley  is  used  till  the  mandrel  nearly 
touches  the  bar,  when  the  turnbuckle  F  is  employed  to  complete  the 
operation  gradually  and  without  shock. 

In  testing  the  bars  by  means  of  this  apparatus,  fine  lines  were  scored 
on  each  bar  to  indicate  the  position  of  the  center  and  of  the  points  of 
support.  The  latter  were  22  inches  apart  and  equidistant  from  the  cen- 
ter. The  mandrels,  c  c,  were  then  placed  on  the  flat  steel  plates,  $nd 
held  at  the  distance  of  22  inches  apart  between  centers,  by  calipers 
made  for  the  purpose,  and  the  bar  placed  on  the  mandrels,  with  the 
lines  marked  for  the  points  of  support  directly  above  the  centers  of  the 
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mandrels.  The  tray  and  its  attachments  weighing  35  pounds,  all 
weights  less  than  this  in  amount  were  hung  directly  on  the  center  of  the 
bar  by  means  of  a  hook  bearing  on  its  upper  surface.  When  the  tray 
was  used  it  was  lowered  very  gradually  by  means  of  the  differential  pul- 
ley and  the  turnbuckle,  and  additional  weights  placed  on  the  bottom  of 
the  tray,  care  being  taken  to  keep  the  center  of  gravity  of  tray  and 
weights  always  as  nearly  as  possible  directly  under  the  center  of  the 
bar. 

The  deflections  and  sets  produced  by  the  applied  loads  were  measured 
by  means  of  a  Salieron's  cathetometer,  which  gave 
readings  to  jVth  of  a  millimeter,  or  ysVoth  of  an 
inch.    This  instrument  is  shown  in  the  accompa- 
nying cut. 

The  observations  were  made  by  noting  through 
the  telescope  a  fine  dot  made  on  a  piece  of  white 
paper  glued  to  the  center  of  the  bar.  The  cross- 
hairs of  the  telescope  were  caused  to  bisect  this 
dot,  and  the  error  of  observation  was  not  larger 
than  one  division  of  the  vernier. 

The  tables  of  results  seem  to  indicate  that  the 
sum  of  all  errors  of  observation  and  of  the  instru- 
ment might  sometimes  reach  as  high  as  i^th  of  a 
millimeter  when  reading  sets,  but  was  always  less 
than  this  when  reading  deflections. 

While  raising  and  lowering  the  weights  to  take 
readings  of  sets,  the  bar  was  prevented  from  roil- 
ing on  the  mandrels  by  two  small  pins,  which 
were  held  by  brackets  on  the  upright  timbers  of 
the  apparatus,  and  just  brought  in  contact  with 
each  end  of  the  bar.  The  slightest  change  of 
position  could  at  once  be  detected  by  the  observer 
at  the  telescope  of  the  cathetometer. 

Complete  tables  of  the  results  of  these  tests  are  /^ 
appended.    A  condensed  summary  of  results  is  \^ 
given  below.  In  these  appeuded  tables  are  given       ^^_^i~-=^-^ 
the  results  of  every  test  that  was  made.  In  tables  Fig  2. 

giving  summaries  and  averages  of  results,  and  in 
curves  and  in  deductions  made  from  them,  ail  tests  which  are  consid- 
ered unsatisfactory  by  reason  of  imperfections  in  the  piece  tested  or 
other  causes  are  rejected,  and  only  those  tests  which  were  made  with 
sound  test  specimens  are  retained. 
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NOTES  ON  THE  TESTS  BY  TRANSVERSE  STRESS. 

Bar  Eo,  1,  all  copper,  proving  to  be  a  bad  sample  of  cast  copper, 
another  bar  was  made,  No.  30,  which  gave  much  better  results.  The 
great  differences  in  the  behavior  of  these  two  bars  will  be  referred  to  at 
some  length  further  on. 

In  the  appended  tables,  in  the  column  headed  "  Load,"  the  figures 
represent  the  weights  applied  to  the  bar. 

The  formula  for  deflection  of  long  bars  tested  by  transverse  stress, 
within  the  elastic  limit,  is  given  by  writers  on  resistance  of  materials  as 

where  A  is  the  deflection,  P  the  applied  load,  W  the  weight  of  the  bar 
between-  supports,  B  the  coefficient  (or,  as  generally  termed,  the  modu- 
lus) of  elasticity,*  I,  b,  and  d  the  length  between 'supports,  breadth  and 
depth  of  the  bar.  As  the  weight  of  the  bar  between  supports  in  these 
tests  was  from  6  to  7  pounds,  4  pounds  may  be  substituted  for  |  W,  and 
the  formula  becomes — 

whence — 

E  =  i^T^(P  +  4pound8)' 

from  which  latter  formula  the  moduli  of  elasticity  given  in  the  tables  of 
tests  of  each  bar  were  calculated. 

It  will  be  observed  in  these  last  tables  that  in  many  of  them,  especially 
in  tests  of  the  stronger  metals,  the  modulus  of  elasticity  increases  slightly 

*  The  modulus  of  elasticity  is  a  value  which  expresses  the  relation  between  the  ex- 
tension, compression,  or  other  deformation  of  a  bar,  and  the  force  which  produces  the 
deformation.  In  tensile  stress  it  is  the  load  per  unit  of  sectional  area  divided  by  the 
extension  per  unit  of  length.  In  transverse  tests  it  is  obtained  from  the  formula  given 
above.  The  value  of  E  found  by  tests  by  tensile  stress  is  said  to  be  the  same  as  that 
obtained  by  transverse  tests  of  long  bars.  The  formula  given  above  for  deflection  of 
bars  tested  by  transverse  stress,  viz : 

is  Dot  quite  accurate,  as  it  neglects  the  deflection  due  to  shearing  stress,  which  varies 
directly  as  the  load.  The  true  formula  (the  weight  of  the  bar  itself  not  being  consid- 
ered) is — 

^      4E6d»T4E.6(i 

in  which  E,  is  the  coefficient  of  elastic  resistance  to  shearing. 

In  the  tests  herein  described,  I,  in  general  is  22  inches ;  b  and  d  are  each  nearly  one 
inch.    The  formula  then  reduces  approximately  to 

_  10648  P,g2P 

*  4E      "*"  4E/ 

The  value  of  EB  is  shown  (Bee  Wood's  "Resistance  of  Materials")  never  to  be  greater 
than  £  E,  which  would  make  j|*  last  term  of  the  above  equation 

*  2  X  22  44 
5X4E       20E' 

which  is  only  raVir OT*  the  first  term  of  the  second  member  of  the  equation.  The  resist- 
ance to  shearing  may  therefore  be  neglected  in  calculating  the  modulus  of  elasticity 
from  transverse  tests  of  bars  22  inches  long,  as  the  error  thereby  introduced  is  less  than 
one- tenth  of  1  per  eent.    The  error  is  much  larger,  however,  with  shorter  bars. 
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at  the  beginning  of  the  test,  then  remains  nearly  constant  for  a  certain 
distance,  or  slowly  approaches  a  maximum ;  and  then  at  first  slowly 
and  afterward  very  rapidly,  decreases  to  the  breaking  point.  This  corre- 
sponds with  what  is  shown  in  the  plotted  curve  of  deflections,  viz,  the 
beginning  of  the  curve  sometimes  shows  a  slight  curvature  convex  to 
the  axis  of  abscissas,  then  a  straight  line  slightly  inclined  from  the 
vertical.  The  inclination  from  the  vertical  then  increases,  at  first  slowly 
and  afterward  more  rapidly ,  till  the  curve  takes  a  more  nearly  horizontal 
direction. 

In  the  table  given  above,  the  figures  in  the  column  headed  "  Modulus 
of  elasticity"  are  those  which  are  considered  the  most  probable  moduli 
within  the  elastic  limit,  or  which  most  nearly  represent  the  relation 
between  the  stresses  and  the  distortions  within  that  limit.  In  most 
cases  the  maximum  modulus  given  in  the  tables  of  tests  of  each  bar  is 
selected,  unless  the  deflection  corresponding  to  the  maximum  is  so  small 
a  quantity  as  to  render  the  probable  error  of  the  observation  a  large 
portion  of  the  apparent  deflection. 

In  a  few  instances  the  apparent  modulus  at  the  beginning  of  the  test 
is  much  smaller  than  it  soon  afterward  becomes ;  and  this  Indicates  a 
possible  error  of  the  observations  at  this  part  of  the  test.  The  moduli 
of  these  bars,  given  in  the  above  table,  are  therefore  determined  by 
rejecting  the  deflections  at  the  beginning  of  the  test,  and  taking  the 
ratio  of  distortion  to  stress  at  a  point  where  this  ratio  becomes  sensibly 
constant. 

In  the  column  headed  "Modulus  of  elasticity,"  the  figures  of  deflec- 
tions and  loads  corresponding  to  the  assumed  most  probable  moduli  are 
given.  The  tests  in  which  the  first  portion  was  rejected  in  obtaining 
the  modulus  are  indicated  in  the  figures  of  load  by  giving  the  limits 
between  which  the  modulus  is  takeu. 

The  modulus  of  rupture*  is  found  from  the  formula 

where  P  is  the  applied  load  causing  fracture,  W  the  weight  of  the  bar 
between  the  supports,  and  I,  b,  and  d  length,  breadth,  and  depth  as 
before. 
Substituting  an  approximate  value  for  the  weight  of  the  bar  we  have 

H^(p+3) 

where  P  is  the  applied  load. 

*  The  modulus  of  rupture  is  denned  by  some  writers  as  "the  strain  at  the  instant  of 
rupture  upon  a  unit  of  the  section  which  is  most  remote  from  the  neutral  axis  on  the 
side  which  first  ruptures"  (Wood's  Resistance  of  Materials,  ii,  edit.,  1875,  p.  79).  It 
is  used  here  as  a  means  of  comparing  the  transverse  strength  of  bars  of  different 
breadths  and  depths,  the  strength  of  bars  tested  by  transverse  stress  varying  directly 
as  the  load,  directly  as  the  length,  and  inversely  as  the  breadth  and  the  square  of  the 
depth,  or  in  cases  of  bars  supported  at  both  ends  and  loaded  in  the  middle,  as  expressed 
by  the  formula  * 

R==3  Fl 
2b<P 

If  the  dimensions  are  all  reduced  to  unity,  the  formuJtf£>ecomes 

In  other  words,  the  modulus  of  rupture  is  a  value  which  is  proportional  to  the  trans- 
verse strength  of  a  bar,  and  is  theoretically  equivalent  to  one  and  a  half  times  the 
load  which  would  break  a  bar  one  unit  in  length,  in  breadth,  and  in  depth,  supported 
at  both  ends  and  loaded  in  the  middle. 
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The  more  ductile  bars,  as  seen  in  the  tables  of  tests,  bent  without 
breaking.  The  correct  modulus  of  rupture  in  these  cases,  therefore, 
could  not  be  determined,  and  it  was  necessary  to  assume  a  given  amount 
of  bending  as  equivalent  to  breaking  the  bar  or  rendering  it  useless. 
This  was  taken  at  a  deflection  (while  the  load  rested  on  the  bar)  of  3J 
inches,  and  the  modulus  of  rupture  is  calculated  from  the  load  causing 
this  maximum  deflection,  as  affording  a  means  of  comparing  the  trans- 
verse  strengths  of  all  the  ductile  bars  which  were  tested. 

The  limit  of  elasticity  is  taken  to  be  the  point  at  which  the  deflections 
begin  (usually  suddenly)  to  increase  in  a  greater  ratio  than  the  applied 
loads,  and  in  tlie  plotted  curves  of  deflections  it  is  the  point  at  which  the 
curve  begins  to  diverge  from  its  original  and  nearly  vertical  direction  and 
becomes  nearly  horizontal. 

This  point  is  not  always  clearly  defined,  and  it  is  difficult  to  fix  its 
exact  position. 

The  limit  of  elasticity  coincides  in  some,  though  not  in  all,  cases  with 
the  first  observed  set  or  point  at  which  the  bar  under  test  exhibits  a  de- 
flection after  the  load  is  removed. 

The  point  of  u  drat  appreciable  set"  given  in  the  tables  is  taken  as  a 
set  of  0.01  inch,  which  is  an  amount  much  beyond  the  limits  of  error  of 
observation. 

For  the  purpose  of  comparing  the  resistances  of  the  different  bars  to 
stress  at  the  elastic  limit  and  at  the  first  appreciable  set,  with  their  re- 
sistances at  the  points  of  final  rupture,  values  of 

are  taken,  in  which  Pi  is  the  load  corresponding  to  the  limit  of  elasticity 
or  to  appreciable  set. 

BEHAVIOR  OF  THE  BASS  UNDER  STRESS. 

A  glance  at  the  table  of  results  given  above  shows  that  from  bar  No. 
1  (all  copper)  to  bar  No.  7 — 80.95  copper,  18.84  tin — inclusive,  there  was 
a  gradual  increase  of  strength,  except  in  the  cases  of  bars  No.  2  (97.89 
copper,  1.90  tin)  and  No.  6  (87.15  copper,  12.73  tin),  which  ^ere  defect- 
ive. Bars  No.  2  to  No.  5  (1.90  tin  to  9.58  tin)  showed  great  ductility  as 
well  as  strength,  as  deflections  exceeding  4£  inches  were  given  them 
without  breaking.  Bar  No.  1  (all  copper)  broke  after  a  deflection  of  2.306 
inches,  while  bar  No.  30,  also  copper,  bent  (as  shown  in  the  appendix)  to 
about  8  inches  before  breaking,  showing  a  marked  difference  in  ductil- 
ity as  well  as  in  strength.  This  was  due  probably  to  oxidation  of  the 
copper  in  bar  No.  1  by  repeated  melting  and  casting. 

Bar  No.  7  (80.95  copper,  18.84  tin)?  the  strongest  of  the  series,  showed 
comparatively  little  ductility,  breaking  after  a  deflection  of  little  over 
half  an  inch.  From  No.  8.  to  No.  13  (23.24  to  43.17  tin)  inclusive,  there 
is  a  regular  and  very  rapid  decrease  both  in  strength  and  ductility,  the 
latter  being  the  weakest  bar  of  the  series,  showing  only  about  ^Vth  of 
the  strength  of  No.  7  and  a  deflection  of  only  0.0103  inch.  As  before 
stated,  this  bar  gave  great  trouble  in  casting  by  breaking  in  the  mold. 
Bar  No.  9  (69.84  copper,  29.89  tin)  which,  in  appearance,  also  differed 
remarkably  from  Eo.  8  (76.64  copper,  23.24  tin)  had  less  than  £  of  its 
strength  and  less  than  J  of  the  strength  of  No.  7,  which  latter  differed 
only.  10  per  cent,  from  it  in  composition  by  original  mixture  or  11  per 
cent,  by  analysis.  Bars  No.  14  to  No.  20  (4h.09  to  73.80  tin),  inclusive, 
show  a  somewhat  irregular  variation  in  strength  and  ductility,  but  all  of 
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them  are  worthless  as  regards  either  of  these  qualities,  the  best  having 
only  about  ^th  of  the  strength  of  the  maximum,  and  a  deflection  of  only 
0.123  inch  before  breaking.  Bar  No.  21  (23.35  copper,  76.20  tin)  shows 
considerably  greater  strength  and  ductility  than  any  of  the  series  be- 
tween No.  8  and  No.  20,  and  greater  strength  than  any  from  No.  8  to  No. 

29  (all  tin),  thus  giving  what  may  be  called  a  second  maximum  point  of 
strength  in  the  series.  This  bar  had  a  cavity  extending  throughout 
nearly  its  whole  length. 

No  21  to  No.  24  (76.29  to  88.47  tin)  have  much  higher  strength  than 
those  above  and  below  them  in  series,  showing  that  the  second  maximum 
point  of  strength  is  approached  by  bars  having  a  difference  of  over  10 
per  cent,  in  composition.  From  No.  25  to  No.  29  (91.39  to  100  tin)  there 
is  a  somewhat  irregular  decrease  of  strength,  but  a  very  great  increase 
of  ductility,  bar  No.  29  (all  tin)  showing  the  maximum  ductility  of  the 
series  and  a  second  minimum  of  strength.  Bars  No.  26  to  No.  29,  inclu- 
sive, bent  without  breaking,  as  did  those  from  No.  2  to  No.  6  (1.90  to  12. 
73  tin)  at  the  other  end  of  the  series. 

With  reference  to  the  relation  of  the  elastic  limit  to  the  ultimate  trans- 
verse resistance,  it  will  be  seen  that  from  bars  No.  1.  to  No.  7,  inclusive, 
the  elastic  limit  occurred  at  from  35  to  65  per  cent,  of  the  ultimate  re- 
sistance. At  No.  8  the  limit  of  elasticity  approached  nearly  if  not  qnite 
the  ultimate  resistance;  and  from  No.  9  to  No.  18  (29.89  to  61.32  tin), in- 
clusive, the  two  coincided,  i.  e.,  the  elastic  limit  was  not  reached  till  the 
bar  broke.  From  No.  19  (34.22  copper,  65.80  tin)  to  the  end  of  the  series 
(all  tin)  the  elastic  limit  was  again  reached  before  fracture,  the  ratio  de- 
creasing to  No.  22  (20.25  copper,  79.63  tin),  and  then  remaining  appreci- 
ably constant  at  from  20  to  30  per  cent,  to  the  end  of  the  series. 

By  this  table,  therefore,  the  relation  which  the  composition  bears  to 
the  mechanical  properties  of  strength,  ductility,  and  elastic  resistance 
is  defined  with  tolerable  exactness. 

It  is  seen  that  bars  from  No.  1  to  No.  8,  inclusive,  have  considerable 
strength,  and  that  all  the  rest  are  practically  worthless  for  all  purposes 
where  strength  is  required.  The  dividing  line  between  the  strong  and 
the  brittle  alloys  is  precisely  that  at  which  the  color  changes  from  golden- 
yellow  to  silver- white,  viz,  at  a  composition  containing  between  24  and 

30  per  cent,  of  tin;  alloys  containing  more  than  24  per  cent,  tin  are 
comparatively  valueless. 

Referring  to  Tables ,  which  are  appended,  a  short  account  of  the 

behavior  of  each  bar  will  now  be  given. 

Bar  No.  1  (cast  copper). — Weights  were  applied,  one  pound  at  a  time, 
until  7  pounds  were  reached  (11  pounds,  including  the  effective  weight 
of  the  bar)j  when  the  first  deflection  was  observed,  0.004  inch.  The  load 
was  then  increased  5  or  10  pounds  at  a  time  until  100  pounds  were 
reached;  after  each  increase  and  the  reading  of  the  corresponding  de- 
flection, the  load  was  all  removed  and  a  reading  of  the  set  taken.  After 
100  pounds  each  increase  was  made  25  pounds,  removing  the  load  and 
reading  the  set  each  time  after  reading  the  deflection.  A  set  of  0.0016 
inch  was  observed  when  the  load  of  12  pounds  was  removed,  but  as 
readings  of  sets  up  to  225  pounds  were  irregular  and  never  exceeded 
0.007  inch,  these  readings  may  be  erroneous,  the  error  being  due  to  a 
combination  of  several  causes,  viz,  personal  errors  of  observation  of  the 
bisection  of  the  cross-hairs  in  the  telescope  of  the  dot  observed  by  it, 
and  of  the  reading  of  the  vernier;  slight  lateral  shifting  of  the  bar  on 
the  rollers,  and  a  slight  compression  of  the  skin  of  the  bar  at  the  points 
which  touched  the  rollers.  The  first  three  errors  named  would  not 
amount  to  more  than  0.001  inch  each,  and  might  either  increase  or  de- 
crease the  reading.    The  last  would  act  only  to  increase  the  reading, 
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and  would  vary  in  amount  with  the  condition  of  the  surface  resting  on 
the  rollers,  the  rougher  the  surface  the  greater  the  amount  of  compres- 
sion by  the  rollers.  This  error  could  be  eliminated  only  by  polishing  the 
bars  at  the  points  which  rested  on  the  rollers  and  taking  all  precautions 
to  insure  a  i>erfectly  fair  bearing.  It  would  increase  the  apparent  deflec- 
tions by  about  the  same  quantity  by  which  the  sets  were  increased,  and 
this  may  account  for  the  fact  that  the  apparent  deflections  at  the  begin- 
ning of  a  test  often  bear  a  greater  ratio  to  the  applied  load  than  at  a  sub- 
sequent stage  of  the  test,  thus  showing  an  apparently  lower  modulus  of 
ela  sticity  at  the  beginning  of  the  test  than  just  before  reaching  the  elastic 
limit. 

The  sum  of  these  errors  possibly  amounting  to  0.007  inch,  the  point 
which  has  been  taken  as  a  standard  of  comparison  of  "  first  appreciable 
set "  of  the  different  bars  is  a  set  of  0.01  inch.  In  bar  No.  1  this  amount 
of  set  took  place  after  the  application  awl  removal  of  the  load  of  250 
pounds.  The  elastic  limit  is  taken  at  225  pounds,  this  being  the  point 
where  the  deflections  evidently  begin  to  increase  in  a  greater  ratio  than 
the  applied  loads.  At  460  pounds  the  deflection  of  the  bar  was  observed 
to  increase  slightly  as  the  load  was  left  on  for  five  minutes,  and  the  same 
phenomenon  was  again  observed  at  600  pounds.  An  increase  of  deflec- 
.tion  was  observed  on  the  second  application  of  every  load  after  400 
pounds.  Except  where  otherwise  stated,  in  this  and  in  all  other  tests, 
the  load  was  left  on  the  bar  only  long  enough  for  a  reading  to  be  taken, 
and  the  repetition  of  the  observation  to  insure  correctness,  the  time  re- 
quired being  from  one  to  two  minutes. 

After  650  pounds  had  been  placed  on  the  bar,  and  then  removed  and 
the  reading  of  the  set  taken,  a  small  crack  was  discovered  on  the  under 
side  of  the  bar,  near  the  middle,  and,  on  gradually  replacing  the  weight  of 
549  pounds,  the  bar  broke.  The  fracture  showed  the  bar  to  be  a  poor 
one,  being  spongy  and  full  of  blow-holes,  the  largest  of  which  was  J  inch 
in  diameter.*  4 

An  analysis  was  made  of  the  turnings  of  this  bar  and  also  of  bar  No. 
30  for  the  purpose  of  learning  whether  the  chemical  composition  would 
throw  any  light  upon  the  causes  of  the  presence  of  the  blow-holes  and 
the  lack  of  ductility  of  this  bar  as  compared  with  that  of  other  bars  sub- 
sequently tested. 

The  result  was  the  discovery  of  an  extraordinary  amount  of  suboxide 
of  copper  in  bar  No.  1.  This  was  no  doubt  formed  in  the  repeated  melt- 
ings which  the  bar  had  undergone. 

The  following  are  the  analyses : 


No.  1. 


No.  80. 


Metallic  iron 

Metallic  zinc 

Metallic  silver 

Metallic  arsenic. . . . 
Metallic  antimony . 

Metallic  tin 

Metallic  bismuth  . . 

Metallic  lead 

Metallic  copper  — 
suboxide  or  copper. 
Carbon 


Per  cent 
0.020 
0.014 
0.035 
none 
none 
none 
none 
trace 
87.900 
12.086 
none 


Per  cent 
0.014 
0.057 
0.014 
none 
none 


none 
trace 
96.330 
3.580 


100. 055 


99,995 


A  graphic  representation  of  the  test  of  this  and  other  bars  is  given 
on  Plate  No.  XVI.  The  curves  graphically  representing  these  tests 
exhibit  the  relative  behavior  of  each  bar  much  better  than  the  tables. 


"See  account  of  bar  No.  30  for  a  test  of  a  good  bar  of  copper. 
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Bar  No.  2  (97.89  copper,  1.90  tin). — This  bar  was  tested  in  the  same 
manner  as  No.  1  but  with  less  frequent  readings  of  sets,  only  two  being 
made  before  200  pounds  was  placed  on  the  bar;  these  readings  showed 
no  set.  At  200  pounds  a  set  of  nearly  0.01  inch  was  observed.  The 
deflections  begin  to  increase  more  rapidly  than  the  loads  after  reaching 
175  pounds,  which  load  is  taken  as  at  the  elastic  limit.  At  275  pounds 
the  bar  was  noticed  to  sink  slowly  after  the  load  was  applied,  but  the  load 
was  increased  without  stopping.  At  375  pounds  the  bar  appeared  to 
sink  quite  rapidly.  At  475  500,  and  550  pounds  the  load  was  left  on 
the  bar  3, 10,  and  3  minutes  respectively,  producing  a  large  increase 
of  deflection  each  time.  At  575  pounds  the  bar  bent  rapidly  and  slid 
through  between  the  supports.  As  a  deflection  of  3£  inches  was  caused 
by  the  load  of  550  pounds,  this  is  considered  as  the  breaking  weight, 
from  which  the  modulus  of  rupture  is  calculated. 

The  bar  was  finally  broken  by  bending  alternately  in  contrary  direc- 
tions, and  the  principal  cause  of  its  weakness  in  comparison  with  the 
copper  bar  was  found  to  be  its  spongy  structure. 

A  vast  number  of  very  minute  blow-holes,  almost  microscopic  in  size, 
were  found.  Further  tests  on  pieces  of  this  bar  showed  this  structure 
throughout  all  the  upper  portion  of  the  bar,  but  the  lower  portion  was 
much  more  compact.  As  this  structure  may  probably  be  due  to  acci- 
dental causes,  and  not  inseparable  from  its  composition,  the  strength 
shown  by  this  particular  bar  is  thought  to  be  beneath  that  which  may 
be  expected  from  other  bars  of  the  same  composition,  and  hence  the  bar 
is  not  given  in  the  curve  showing  the  relation  of  transverse  strength  to 
composition,  Plate  I.  The  modulus  of  elasticity  is  less  than  that  of  any 
other  bar  from  No.  1  to  No.  6. 

Bar  No.  3  (96.06  copper,  3.76  tin). — This  bar  proved  to  be  much  stronger 
than  either  of  the  preceding.  A  set  of  0.01  inch  took  place  at  400 
pounds,  and  the  limit  of  elasticity  is  considered  to  havebeen  reached  at  350 
pounds.  At  600  pounds  the  bar  was  observed  to  sink  while  under  stress, 
and  it  was  left  for  50  minutes,  the  deflection  increasing  during  that  time 
from  0.181  to  0.252  inch ;  the  rate  of  increase  of  deflection  gradually 
diminishing,  the  first  10  minutes  showing  an  increase  of  0.048  inch,  the 
next  20  minutes  0.015  inch,  and  the  next  20  minutes  0.008  inch.  The 
same  phenomenon  was  noticed  several  times  during  the  test,  the  bar 
once  being  left  under  stress  of  850  pounds  for  15  hours  45  minutes,  the 
last  15  hours  of  the  time  showing  a  much  less  increase  of  deflection  than 
the  first  five  minutes. 

From  the  test  of  this  bar,  and  others  in  like  manner,  it  appears  that 
the  increase  of  deflection  finally  ceases,  provided  the  load  is  not  greater 
than  a  certain  limit  for  each  bar.  When  the  load  is  too  great  a  still 
more  curious  phenomenon  is  observed,  as  in  the  case  of  the  bar  in  ques- 
tion, when  a  load  of  1,000  pounds  was  placed  on  it,  viz,  the  decrease  of 
the  rate  of  increase  of  deflectiou,  and  again  after  a  certain  time  the  in- 
crease of  this  rate  till  the  bar  finally  breaks  down.  In  this  case  the  in- 
crease of  deflection  with  the  first  five  minutes  was  0.422  inch,  in  the  next 
five  minutes  0.120  inch,  showing  a  decreasing  rate ;  in  the  next  30  min- 
utes 0.442  inch,  showing  a  slight  increase  of  the  rate,  and  in  the  next  30 
minutes  3.532  inches,  showing  a  very  rapid  increase.  At  this  point  tho 
bar  had  a  deflection  of  7.634  inches  and  the  tray  reached  the  base  of  its 
supports,  thus  ending  the  test.  On  breaking  this  bar,  the  fracture 
showed  a  homogeneous  metal  free  from  blow-holes. 

Bar  No.  4  (92.11  copper,  7.80  tin). — A  set  of  0.01  inch  was  reached  at 
600  pounds,  and  the  elastic  limit  at  575  pounds.  The  effect  of  allowing 
the  load  to  remain  on  the  bar  was  observed  several  times  after  95U 
pounds  had  been  reached,  with  similar  results  to  those  indicated  when 
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describing  the  behavior  of  bar  No.  3.  At  1,350  pounds  the  deflection 
increased  in  30  minutes  from  3.226  inches  to  6.706  inches,  when  the  bar 
slid  through  between  the  supports.  On  breaking  the  bar,  after  bend- 
ing in  contrary  directions,  the  fracture  showed  a  compact-looking  metal, 
of  an  earthy  appearance,  with  scarcely  any  luster,  and  with  only  a  few 
very  small  blow-hoJes.  The  color  was  not  entirely  homogeneous,  some 
parts  being  more  grayish  than  others,  the  general  color  being  reddish* 
yellow. 

Bar  No.  5  (90.27  copper,  9.58  tin). — A  set  of  0.01  inch  was  reached  at 
600  pounds,  and  the  elastic  limit  at  the  same  point.  Time-tests  were 
made  after  950  pounds  were  applied,  but  in  no  case  was  a  load  left  longer 
than  15  minutes.  The  behavior  of  this  bar  was  very  similar  to  that  of 
bar  No.  4,  the  deflections  corresponding  to  the  various  loads  being  nearly 
the  same  for  each  bar.  Its  ultimate  strength,  however,  was  greater, 
1,485  pounds  being  required  to  give  it  a  deflection  of  3£  inches,  the 
same  increasing  the  deflection  in  13  minutes,  to  7.534  inches,  causing 
the  tray  to  reach  the  base  of  its  supports.  In  breaking  the  bar,  it  was 
first  bent  by  pressure  until  the  two  ends  touched,  and  then  bent  in  a 
reverse  direction,  but  broke  before  being  straightened.  The  fracture 
showed  a  dense,  compact  metal,  but  not  entirely  homogeneous  in  color 
or  structure.  There  were  a  few  small  blow-holes,  and  the  lower  part  of 
the  fracture  was  of  a  dull,  earthy  appearance,  with  portions  of  a  fibrous 
appearance.  The  color  was  dull  reddish-yellow,  except  a  distinctly 
large  spot  in  the  center  of  a  very  dark  red  (darker  than  copper)  and  a 
few  small  yellow  spots.  This  metal,  although  stronger  than  any  of  the 
bars  previously  tested,  is  probably  not  so  strong  as  it  might  have  been 
had  it  been  homogeneous. 

Bar  No.  6  (87.15  copper,  12.73  tin). — A  set  of  0.01  inch  was  reached  at 
400  pounds  and  elastic  limit  at  300.  A  few  "time- tests"  were  made, 
showing  increase  of  deflection  under  constant  load  after  700  pounds. 
The  bar  proved  to  be  much  weaker  than  the  two  which  preceded  it,  and 
broke  at  1,050  pounds.  The  cause  of  the  weakness  was  at  once  shown 
by  the  appearance  of  the  fracture.  Two  distinct  colors  were  seen,  golden- 
yellow  and  silver-gray,  finely  mottled  together  over  the  whole  surface  of 
the  fracture,  indicating  that  liquation  or  an  imperfect  mixture  of  the 
two  metals  bad  taken  place,  and  that  the  two  colors  were  probably  those 
of  two  distinct  alloys,  intimately  mixed.  The  modulus  of  elasticity,  as 
well  as  the  limit  of  elasticity,  and  the  ultimate  strength  of  this  bar  are 
very  low,  and  as  the  bar  is  considered  a  defective  one,  like  bar  No.  2 
(97.89  copper,  1.90  tin),  the  results  are  omitted  in  constructing  curves. 
It  will  be  observed  that  the  modulus  of  elasticity  is  less  than  that  of  any 
bar  from  No.  1  to  No.  11  ^all  copper,  to  65.34  copper,  34.47  tin). 

Bar  No.  7  (80.95  copper,  18.84  tin). — This  bar  proved  to  be  the  strongest 
of  the  series.  A  set  amounting  to  0.01  inch  was  not  detected  until  900 
pounds  had  been  placed  on  the  bar,  and  this  was  increased  only  to  0.016 
inch  at  1,200  pounds.  The  limit  of  elasticity  appears  to  be  passed  at 
1,150  pounds.  The  load  of  1,750  pounds  was  allowed  to  remain  on  the 
bar  for  15  hours,  during  which  time  the  deflection  increased  0.027  inch. 
At  the  end  of  the  15  hours  the  load  was  removed  and  a  reading  of  the 
set  taken.  The  load  was  then  replaced  gradually,  the  last  portion  of 
the  1,750  pounds  being  replaced,  a  pound  at  a  time.  The  last  pound 
had  been  replaced,  and  the  reading  of  the  deflection  was  about  to  be 
made,  when  the  bar  suddenly  broke  at  a  point  2  inches  from  the  middle. 
The  fracture  showed  a  close,  compact  structure,  and  a  reddish  or  pinkish 
gray  color,  entirely  different  from  that  of  any  of  the  bars  previously 
tested.    Although  this  bar  is  the  strongest  of  the  series,  it  has  much 
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less  power  to  resist  sudden  shocks,  in  consequence  of  its  lack  of  ductility, 
the  maximum  deflection  being  only  0.537  iuch. 

Bar  No.  8  (76.64  copper,  23.24  tin). — The  behavior  of  this  bar  was 
similar  to  that  of  No.  7,  but  it  was  much  weaker  and  had  much  less 
ductility,  breaking  with  the  load  of  975  pounds,  and  showing  a  maxi- 
mum deflection  of  but  0.191  inch.  No  set  amounting  to  0.01  iuch  was 
found,  the  greatest  being  0.0055  inch  at  900  pounds.  The  elastic  limit 
was  apparently  not  reached  till  fracture  took  place,  the  ratio  of  deflec- 
tion to  the  loads  remaining  constant  throughout  the  whole  test.  The 
fracture  showed  a  metal  somewhat  similar  to  No.  7,  but  lighter  in  color. 
Bar  No.  9  (69.84  copper,  29.89  tin).— This  bar  showed  great  lack  of 
both  strength  and  ductility,  breaking  at  360  pounds  after  a  deflection  of 
0.062  inch.  As  with  bar  No.  8,  no  set  amounting  to  0.01  inch  could  be 
detected,  and  the  elastic  limit  was  not  reached  till  fcicture  took  place. 
The  fracture  showed  a  metal  of  an  entirely  different  character  from  any 
of  those  previously  tested,  almost  as  brittle  as  glass,  with  a  vitreous  ap- 
-  pearance  and  brilliant  luster,  almost  silver-white  in  color,  with  no  indi- 
cation of  the  presence  of  copper,  which  formed  70  per  cent,  of  its  weight. 
The  shape  of  the  fracture  was  peculiar;  a  side  view  of  it  is  shown 
below : 

Fig.  3. 

Bar  No.  10  (68.58  copper,  31.26  tin). — This  bar  was  almost  precisely 
similar  in  appearance  and  action  under  test  to  bar  No.  9,  but  showed 
a  still  less  degree  of  strength  and  ductility,  breaking  at  275  pounds, 
after  a  deflection  of  0.043  inch.  As  in  the  case  of  bar  No.  9,  no  set  of 
0.01  inch  and  no  elastic  limit  were  reached  before  fracture. 

Bar  No.  11  (65.34  copper,  34.47  tin). — This  bar  exhibited  still  less 
strength  and  ductility  than  either  of  the  preceding,  breaking  at  140 
pounds,  after  a  deflection  of  0.02  inch,  showing  no  set  and  no  elastic 
limit  before  fracture.  The  structure  as  shown  by  the  fracture  was  quite 
different  from  those  of  bars  No.  8  and  No.  9,  being  rough  granular 
instead  of  vitreous.  The  modulus  of  elasticity  increases  from  the  begin- 
ning to  the  end  of  the  test,  reaching  a  much  higher  figure  than  any  of 
the  preceding  bars. 

Bar  No.  12  (62.31  copper,  37.35  tin)  was  still  more  brittle  and  weaker 
than  No.  11.  It  broke  at  80  pounds,  after  a  deflection  of  0.032  inch.  A 
set  of  0.103  inch  was  observed  at  70  pounds,  but  no  limit  of  elasticity 
was  detected.  The  fracture  showed  a  metal  of  much  darker  color  than 
No.  11,  and  of  an  appearance  somewhat  like  stone.  This  metal  had  a 
greater  specific  gravity  than  any  other  in  the  series.  Its  modulus  of 
elasticity  is  less  than  one-half  of  that  of  bar  No.  11. 

Bar  No.  13  (56.70  copper,  43.17  tin). — The  weakest  and  most  brittle  of 
the  series,  breaking  at  60  pounds,  after  a  deflection  ot  only  0.0103  inch, 
with  no  apparent  set  and  no  elastic  limit  before  fracture.  The  appear- 
ance of  the  fractured  metal  was  somewhat  similar  to  that  of  No.  12,  but 
lighter  in  color. 

Bar  No.  14  (51.62  copper,  48.09  tin). — This  bar  was  shorter  than  the 
rest  of  the  bars  of  the  series,  its  length  between  supports  being  17$ 
inches.  It  proved  to  be  somewhat  stronger  than  No.  13,  breaking  at  140 
pounds,  after  a  deflection  of  0.040  inch.  A  set  of  0.01  inch  was  ob- 
served at  65  pounds,  but  it  had  increased  only  to  0.019  at  130  pounds* 
and  no  elastic  limit  was  reached  before  fracture.    This  bar  showed  a  dif- 
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ference  of  structure  and  color  at  the  two  ends,  due  to  liquation  or  sepa- 
ration of  the  metals  into  distinct  alloys ;  the  chemical  analyses  of  sam- 
ples taken  from  the  two  ends  showed  a  difference  of  composition  of  more 
than  10  per  cent.  The  modulus  of  elasticity  is  exceptionally  low.  This 
may  possibly  be  due  to  errors  of  observation  of  deflection. 

Bar  No.  15  (47.01  copper,  52.14  tin). — Broke  at  105  pounds  after  a  de- 
flectiou  of  0.019  inch.  No  set  was  detected,  and  no  limit  of  elasticity 
before  fracture. 

Bar  No.  16  (44.52  copper,  52.28  tin). 

Bar  No.  17  (42.38  copper,  57.30  tin). 

Bar  No.  18  (38.37  copper,  61.32  tin). 

These  three  bars  were  all  si  miliar  in  behavior  to  No.  15,  very  weak  and 
brittle,  giving  no  sets  amounting  to  0.01  inch,  and  no  elastic  limits  before 
fracture.  No.  17  gave  a  modulus  of  elasticity  much  higher  than  any 
other  bar  of  the  series. 

Bar  No.  19  (34.22  copper,  65.80  tin). — This  was  similiar  to  the  four 
preceding  bars,  but  took  a  set  of  0.0118  inch  at  130  pounds.  The  posi- 
tion of  the  elastic  limit  is  very  doubtful,  but  it  appears  to  have  been 
passed  at  100  pounds.  The  modulus  of  elasticity  is  less  than  half  of  that 
of  No.  17.  It  appears  that  the  modulus  decreases  from  this  bar  to  the 
end  of  the  series,  but  with  considerable  irregularitv. 

Bar  No  20  (25.85  copper,  73.80  tin).— Weak  and  brittle  like  No.  19, 
but  had  a  slightly  greater  ductility,  showing  a  deflection  of  0.121  inch 
before  breaking,  and  a  set  of  0.01  inch  at  120  pounds.  It  broke  at  240 
pounds,  and  the  elastic  limit  appears  to  have  been  passed  at  about  140 
.  pounds.  The  color  and  appearance  of  the  fracture  were  simiJiar  to  those 
of  the  five  preceding  bars.  The  modulus  of  elasticity  is  highest  at  the 
beginning  of  the  test,  and  rapidly  decreases  from  the  beginning  to  the 
end.  This  is  common  to  all  the  bars  from  No.  20  to  No.  29  inclusive,  and 
is  characteristic  of  all  the  ductile  metals  which  have  no  well  defined 
limit  of  elasticity.  The  moduli  of  these  bars,  given  in  the  above  table 
of  results,  are  in  general  those  corresponding  to  deflections  of  0.01  inch. 

Bar  No.  21  (23.35  copper,  76.29  tin). — This  bar  was  remarkable  in  hav- 
ing a  hole  extending  from  the  bottom  throughout  nearly  its  whole  length. 
The  hole  varied  in  size  and  shape  in  different  parts  of  the  bar.  At  the 
point  of  fracture,  it  was  nearly  circular  in  section,  about  J  inch  in  diam- 
eter, and  nearly  in  the  center  of  the  section.  Notwithstanding  the  pres- 
ence of  this  cavity,  the  bar  proved  to  be  stronger  than  any  of  the  bars 
from  No.  9  to  No.  29.  It  broke  at  370  pounds,  after  a  deflection  of  0.269 
inch.  A  set  of  0.01  inch  was  reached  at  150  pounds,  and  the  elastic 
limit  was  reached  at  140  pounds.  The  fracture  showed  a  light-gray,  fine 
granular  appearance,  slightly  darker  than  No.  20. 

Bar  No.  22  (20.25  copper,  79.63  tin). — This  bar  was  somewhat  weaker 
than  No.  21,  but  more  ductile,  breaking  at  300  pounds,  after  a  deflection 
of  0.345  inch.  The  load  of  100  pounds  produced  a  sefrof  0.118  inch,  and 
the  elastic  limit  was  reached  at  the  same  load.  The  fracture  showed  a 
coarse  granular,  crystalline  structure  and  a  very  light-gray  color. 

Bar  No.  23  (15.08  copper,  84.62  tin)  was  weaker  and  more  ductile 
than  No.  22.  It  broke  at  270  pounds,  after  a  deflection  of  0.858  inch. 
A  load  of  50  pounds  produced  a  set  of  0.0095  inch,  and  the  elastic  limit 
was  reached  at  60  pounds.  "Time-tests,"  lasting  one  and  two  minutes, 
were  made  at  various  loads  greater  than  170  pounds,  showing  increase 
of  deflection  with  each  test.  The  fracture  was  light  graj'ish- white,  with 
*  large  crystalline  structure,  almost  precisely  similiar  in  appearance  to  No. 
•19,  which  varied  from  it  in  composition  more  than  20  per  cent. 

Bar  No.  24  (11.49  copper,  88.47  tin). — This  bar  was  a  little  stronger, 
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and  very  much  more  ductile,  than  No.  23.  It  broke  at  300  pounds,  after 
a  deflection  of  5.849  inches.  A  set  of  0.01  inch  was  probably  given  by 
a  load  of  85  pounds,  the  reading  for  75  pounds  being  0.0063  inch,  and 
for  100  pounds  0.205  inch.  The  limit  of  elasticity  appears  to  have  been 
passed  at  75  pounds.  At  200  pounds  the  deflection  increased  in  one 
minyte  from  0.341  to  0.436  inch ;  at  270  pounds  it  increased  in  two  min- 
utes from  0.975  to  1.502  inches,  and  at  290  pounds  it  increased  in  one 
minute  from  2.128  to  2.562  inches.  When  300  pounds  was  placed  on  the 
bar,  it  sank  down  rapidly  and  broke  in  about  20  seconds,  the  deflection 
increasing  before  breaking  from  2.739  to  5.849  inches. 

Bar  No.  25  (8.57  copper,  91.39  tin). — This  bar  showed  a  less  strength 
than  No.  24,  with  greater  ductility.  It  broke  at  160  pounds,  after  being 
left  under  that  stress  for  several  hours.  A  set  of  0.0118  inch  was  pro- 
duced by  a  load  of  60  pounds,  and  the  elastic  limit  was  apparently 
reached  at  40  pounds.  When  100  pounds  was  pla<»d  on  the  bar,  the 
deflection  was  observed  to  increase  with  the  time  it  was  allowed  to  re- 
main, showing  an  increase  of  deflection  of  0.021  inch  in  10  minutes. 
"  Time-tests »  made  with  the  loads  of  100, 120, 140,  and  160  pounds  with 
like  results,  140  pounds  being  left  on  the  bar  for  more  than_40  hours, 
increasing  the  deflection  from  0.221  to  1.277  inches.  One  hundred  and 
sixty  pounds  was  left  on  the  bar  for  more  than  50  hours,  increasing  the 
deflection  from  1.294  to  5.207  inches,  the  rate  of  increase  at  first  decreas- 
ing, then  remaining  constant  for  several  hours,  and  finally  increasing. 
The  bar  was  fianlly  left  over  night,  under  a  load  of  160  pounds,  with  a 
deflection  of  5.207  inches,  and  found  broken  the  next  morning,  the  bend 
left  in  the  bar  after  breaking  indicating  that  a  deflection  of  nearly  8. 
inches  had  beeu  given  to  the  bar  before  fracture.  The  fracture  showed 
a  fine  granular  structure. 

The  records  of  bars  No.  24  and  No.  25  show  that  the  ultimate  break- 
ing weight  of  such  ductile  metals  depends  in  a  very  great  degree  upon 
the  time  during  which  they  are  left  under  stress.  The  duration  of  the 
test  of  bar  No.  24  was  about  one  hour,  that  of  bar  No.  25  was  more  than 
four  days.  As  the  breaking  load  of  No.  25  was  left  on  the  bar  for  more 
than  two  days  before  rupture  took  place,  it  is  inferred  that  a  much 
greater  load  would  have  been  required  to  break  the  bar  in  20  seconds, 
the  time  required  to  break  bar  No.  24.  In  the  case  of  bar  No.  25  it  would 
appear,  from  the  fact  that  large  increase  of  deflection  was  produced  by 
various  loads  remaining  on  the  bar  for  one  or  two  minutes,  that  a  much 
smaller  load  than  300  pounds  would  have  broken  the  bar  had  it  been 
allowed  to  act  for  a  sufficient  length  of  time.* 

Bar  No  26  (3.72  copper,  96.31  tin). — This  bar  was  apparently  stronger 
than  No.  25,  very  probably  in  consequence  of  the  greater  rapidity  of  the 
test,  no  load  being  left  on  the  bar  for  a  greater  length  of  time  than  three 
minutes.  A  set  of  0.0166  inch  was  produced  by  the  load  of  60  pounds, 
and  the  elastic  limit  appeared  to  have  been  reached  at  40  pounds.  At 
100  pounds  the  deflection  was  greater  than  that  of  bar  No.  25  with  the 
same  load,  indicating  it  to  be  a  weaker  bar.  No  "time-test  *  was  made 
until  200  pounds  was  applied.  This  load  produced  a  large  increase  of 
deflection  in  three  minutes.  The  bar  finally  bent  under  a  load  of  210 
pounds,  with  a  total  deflection  of  nearly  8  inches,  and  was  so  ductile 
that  it  required  to  be  cut  partly  through  and  bent  repeatedly  in  order 
to  break  it. 

Bar  No.  27  (0.74  copper,  99.02  tin). — This  bar  was  much  weaker  than 

'These  modifications  in  method  of  testing  were  mode  to  secure  data  for  other  in-# 
vestigations  by  the  writer.     See  appendix  Tor  papers  by  the  write,  rin  which  these 
phenomena  are  discussed  at  length  and  for  strain-diagrams  illustrating  them. — R.  H.T. 
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No.  26,  with  equal  or  greater  ductility,  taking  a  set  of  0.02  inch  at  50 
pounds,  reaching  the  elastic  limit  at  40  pounds,  and  bending  to  a  total 
deflection  of  8  inches  at  120  pounds.  Several  "time- tests "  were  made, 
causing  the  bar  to  show  less  strength  than  it  otherwise  would  have  done. 

Bar  No.  28  (0.32  copper,  99.46  tin). — This  bar  proved  somewhat 
stronger  than  No.  27,  as  the  final  bending  load  was  ten  pounds  greater 
and  the  "  time-tests v  were  of  much  longer  duration.  The  elastic  limit 
was  apparently  reached  at  40  pounds,  and  a  set  of  0.014  inch  took  place 
at  70  pounds. 

Bar  No.  29  (all  tin). — The  behavior  of  this  bar  was  very  similar  to 
that  of  bars  Nos.  26,  27,  and  28,  but  the  metal  was  somewhat  weaker 
and  softer.  A  load  of  40  pounds  produced  a  set  of  0.0095  inch,  and  the 
elastic  limit  appeared  to  be  reached  at  about  30  pounds.  At  80  pounds 
a  crack  was  observed  on  one  of  the  edges  on  the  under  side  of  the  bar, 
which  gradually  opened  but  did  not  increase  in  length.  At  110  pounds 
the  bar  sank  gradually,  tne  deflection  increasing  more  thiin  G  inches  in 
ten  minutes.  The  bar  was  finally  broken  by  repeated  bending,  and 
showed  that  the  crack  above  mentioned  was  produced  by  an  imperfec- 
tion in  the  casting,  about  one-fourth  of  the  surface,  or  that  portion  in 
which  the  crack  was  observed,  showing  radiated  lines  of  cooling  and 
the  remaiuder  the  close  pasty  appearance  peculiar  to  tin  ruptured  by 
bending.  The  crack  no  doubt  weakened  the  bar,  as  the  final  bending 
was  resisted  by  but  little  more  than  three-fourths  of  the  section. 

Bar  No.  30  (all  copper). — This  bar  was  made  subsequently  to  the  tests 
above  described,  and  proved  to  be  a  much  better  bar  than  No.  1.  It 
was  cast  in  a  cold  iron  mold,  and  poured  when  at  a  dazzling  white  heat. 
The  surface  was  quite  free  from  blow-holes,  and  in  all  respects  the  bar 
appeared  to  be  sound.  It  is  therefore  taken  as  the  staudard  bar  of  copper 
in  this  series  of  experiments.  It  wad  tested  in  a  special  transverse 
testing-machine,  which  will  be  described  in  connection  with  the  account 
of  the  second  series  of  copper-tiu  alloys,  which  latter  were  all  tested 
with  it.  A  remarkable  difference  was  observed  in  softness  and  ductility 
between  this  bar  and  bar  No.  1,  the  latter  breaking  at  650  pounds  after 
a  deflection  of  0.707  inch,  while  the  former  had  a  deflection  of  1.37  inches 
at  600  pounds,  3.49  inches  at  800  pounds,  and  sustained  finally  a  deflec- 
tion of  about  8  inches  before  breaking.  This  softness 
was  indicated  at  the  beginning  of  the  test  by  the  low 
limit  of  elasticity,  which  was  120  pounds,  while  in  bar 
No.  1  it  was  at  225  pounds.  A  set  of  0.01  inch  took 
place  in  bar  No.  1  at  250  pounds,  but  in  bar  No.  30  at  less 
than  200  pouuds.  The  breaking  load  of  this  bar  is  taken 
at  800  pounds,  since  this  load  produced  a  deflection  of 
3.49  inches.  The  fracture  (Fig.  4)  showed  a  homogene-  FlG-  4- 
ous  and  compact  metal,  entirely  free  from  blow-holes,  with  fine  but  very 
distinctly  defined  lines  of  cooling,  perpendicular  to  each  edge. 

APPEARANCE  OF  THE  FRACTURES. 

• 

After  completing  the  tests  by  transverse  stress,  pieces  were  cut  from 
each  bar  showing  the  transverse  fracture.  These  pieces  were  examined 
by  Prof.  A.  B.  Leeds,  of  the  Stevens  Institute  of  Technology,  who  made 
the  following  report  concerning  their  colors  and  structures: 

DESCRIPTION  OF  THE  SURFACES  OF  FRACTURE  OF  A  SERIES  OF  ALLOY& 
OF  COPPER  AND  TIN  BROKEN  BY  TRANSVERSE  STRESS. 

A  BY  PROF.  ALBERT  It.  LEEDS. 

]So.  1  (all  copper). — Color,  copper  red,  altering  by  exposure  to  air  into 
purple  by  film  of  suboxide,  and  into  black  by  film  of  oxide  of  copper. 
19  T  M 
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Surface  in  part  large  vesicular,  in  part  curvilinear  fibrous.  •  Maximum 
diameter  of  vesicles,  7  mm.;  maximum  breadth  of  fibers,  1.5  mm.; 
length,  8  mm. 

No.  2  (97.89  copper,  1.90  tin).— Color,  red,  slightly  oxidized  by  expos* 
ure.    Large  and  coarse  vesicular ;  maximum  diameter  of  vesicles,  5  mm. 

No.  3  (96.06  copper,  3.76  tin). — Color,  bright,  reddish-yellow,  with  feint 
traces  of  black  oxide  from  exposure.  Surface,  small  and  finely  vesicu- 
lar. 

No.  4  (92.11  copper,  7.80  tin). — Color,  dull  reddish-yellow.  Homoge- 
neous.   Sutface,  finely  aborescent. 

No.  5  (90.27  copper,  9.58  tin). — Color,  reddish-yellow,  with  spots  of 
dark  red  and  bright  yellow.  Surface,  not  homogeneous,  in  part  vesicu- 
lar, in  part  finely  fibrous. 

No.  6  (87.15  copper,  12.73  tin). — Color,  brass-yellow  in  part,  in  part 
bluish  white.  Surface,  not  homogeneous,  finely  vesicular.  Fracture, 
hackly. 

No.  7  (80.95  copper,  18.S4  tin). — Color,  reddish-gray,  with  brass-yellow 
spots.    Surface,  reticulated  fibrous. 

No.  8  (76.64  copper,  23.24  tin). — Color,  reddish-gray.  Surface,  faintly 
vesicular ;  interior  of  vesicles  brass-yellow.  Fracture,  irregularly  curved. 
Luster,  dull. 

No.  9  (69.84  copper,  29.89  tin). — Color,  grayish-white.  Surface,  crys- 
tallization prismatic,  diverging  from  center.  Fracture,  of  large  curva- 
ture.   Luster,  glistening. 

No.  10  (68.58  copper,  31.26  tin). — Color,  grayish-white,  more  white 
than  the  preceding.  Surface,  crystalline  prismatic,  diverging  from  the 
center.    Fracture,  of  large  curvature.    Luster,  glistening. 

No.  11  (65.34  copper,  34.47  tin). — Color,  bluish-gray,  showing  yellow- 
ish spots  in  some  lights.  Surface,  interruptedly  crystalline.  Fracture, 
coarsely  rounded.    Luster,  splendent. 

No.  12  (62.31  copper,  37.35  tin).-— Color,  dark  bluish-gray.  Surface, 
laminated.    Fracture,  coarse  hackly.    Luster,  splendent. 

No.  13  (56.70  copper,  43.17  tin). — Color,  bluish  white.  Surfiicc,  crys- 
tallization eminent ;  crystals  prismatic  and  diverging  from  center.  Lus- 
ter, splendent. 

No.  14  (51.62  copper,  48.09  tin). — Color,  bluish-white.  Surface,  crys- 
tallized, but  not  readily  apparent.  Fracture,  coarse  anguler.  Luster, 
.splendent. 

No.  15  (47.61  copper,  52.14  tin). — Color,  grayish -white.  Surface,  finely 
granular.    Fracture,  waved.    Luster,  glistening. 

No.  16  (44.52  copper,  55.28  tin). — Color,  grayish-white.  Surface,  lami- 
nated granular.    Fracture,  coarsely  waved.    Luster,  glistening. 

No.  17  (42.3S  copper,  57.30  tin). — Color,  grayish- white.  Surface,  crys- 
tallization finely  reticulated.    Fracture,  uneven.     Luster,  glistening. 

No.  18  (38.37  copper,  61.32  tin). — Color,  grayish-white.  Surface,  crys- 
tallized, but  not  readily  apparent.  Fracture,  coarse  hackly.  Luster, 
bright. 

No.  19  (34.22  copper,  65.80  tin). — Color,  grayish-white.  Surface,  crys- 
tallization eminent,  prismatic,  and  diverging  from  center.  Prismatic 
.angle,  130°.  Sides  of  prism  doubly  striated,  one  set  of  stri®  parallel  to 
edge  of  prism,  the  other  at  an  angle  of  47°  with  the  former.  Luster, 
-splendent. 

No.  20  (25.85  copper,  73.80  tin).— Color,  grayish-white.  Surface,  crys- 
tallization eminent,  prismatic.    Luster,  splendent. 

No.  21  (23.35  copper,  76.29  tin).— Color,  grayish- white.  Surface,  crys- 
tallized, but  not  readily  apparent.    Fracture,  hackly.    Luster  bright. 
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No.  22  (20.25  copper.  79.63  tin). — Color,  grayish-white.  Surface,  crys- 
tallization not  large  out  eminent;  prismatic  diverging  from  center. 
Prismatic  angle,  107°.    Luster,  splendent. 

No.  23  (15.08  copper,  84.02  tin). — Color,  grayish- white.  Surface,  crys- 
tallization, coarse  with  prismatic  faces,  divergent.  Fracture,  jagged. 
Luster,  splendent. 

No.  24  (11.49  copper,  88.47  tin). — Color,  grayish-white.  Surface,  crys- 
tallization finely  reticulated.  Fracture,  hackly.  Luster,  dull,  with  bright 
reflections  from  scattered  crystalline  faces.    Section,  distorted. 

No.  25  (8.57  copper,  91.39  tin). — Color,  grayish- white.  Surface,  gran- 
ular. Luster,  dull,  with  glistening  points.  Section,  distorted  with 
curved  edges. 

No.  26  (3.72  copper,  96.31  tin). — Color,  grayish-white.  Surface, 
rounded  granular.    Luster,  dull. 

No.  27  (0.74  copper,  99.02  tin). — Color,  grayish-white.  Surface,  crys- 
tallization feeble  with  undefined  prismatic  faces.    Luster,  bright. 

No.  28  (0.32  copper,  99.46  tin). — Color,  grayish- white.  Surface,  irreg- 
ularly waved.    Luster,  dull. 

No.  29  (all  tin). — Color,  bluish  or  grayish-white.  Surface,  slightly 
vesicular  at  center,  prismatic  at  edges.  Section,  much  distorted.  Lus- 
ter, bright. 

TESTS  BT  TENSILE  STRESS. 

The  bars  broken  by  transverse  stress  were  afterward  tested  by  ten- 
sion, two  tension  pieces  being  made  from  each  bar,  one  from  the  upper 
and  one  from  the  lower  end. 

Each  bar  was  marked  with  the  letters  A,  B,  C,  D  in  addition  to  its 
number  for  the  purpose  of  distinguishing  different  portions  of  the  bar. 
The  upper  end  of  the  bar  was  marked  A,  the  lower  end  B,  and  the 
middle  C  and  D,  respectively,  above  and  below  the  transverse  fracture. 
The  pieces  tested  by  tension  are  distinguished  in  the  records  which  fol- 
low, by  the  same  number  which  was  borne  by  the  bar  from  which  they 
were  made  and  by  the  letters  A  or  B,  as  the  piece  was  taken  from  the 
upper  or  lower  end  of  the  bar. 

The  pieces  to  be  tested  were  made  of  the  shape  and  size  indicated  in 
the  diagram  below,  whenever  the  sizes  of  the  pieces  from  which  they 
were  cut  were  sufficient  to  allow  it. 


tr 
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Fig.  5. 


When  the  broken  bar  from  which  the  test-piece  was  made  was  not 
long  enough  to  make  the  piece  of  the  size  shown  above,  the  cylindrical 
portion  was  shortened,  leaving  the  square  ends  at  least  3  inches  in 
length.  The  cylindrical  portion  was  turned  with  great  care  to  a  diam- 
eter of  0.798  inch,  thus  giving  a  sectional  area  of  one-half  square  inch. 

The  pieces  numbered  No.  1  to  No.  8  (all  copper  to  76.64  copper,  23.24 
tin),  inclusive,  were  turned  in  the  lathe  without  difficulty  $  a  gradually 
increasing  hardness  being  noticed,  the  last  named  giving  a  very  short 
chip,  and  requiring  frequent  sharpening  of  the  tool.  The  turned  sur- 
face of  all  these  bars  was  made  perfectly  smooth  by  the  turning  tool. 
The  color  of  the  turned  surface  varied  from  copper-red  to  light  golden- 
yellow,  the  color  gradually  becoming  lighter  with  the  increase  of  per- 
centage of  tin.    In  turning  these  bars,  blow-holes  of  various  sizes  were 
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found  in  nearly  all  of  them,  No.  4  and  No.  7  only  being  quite  free  from 
them;  No.  1  and  No.  2  had  a  very  large  number  of  all  sizes,  and  Nos. 
#,  5,  6,  and  3  had  each  a  few,  usually  of  small  size. 

With  the  most  brittle  alloys  it  was  found  impossible  to  turn  the  test- 
pieces  in  the  lathe  to  a  smooth  surface.  No.  9  to  No.  11  (29.89  to  34.47 
tin)  could  uot  be  cut  with  a  tool  at  all.  Chips  would  fly  off  in  advance 
of  the  tool  and  beneath  it,  leaving  a  rough  surface,  or  the  tool  would 
sometimes  apparently  crush  off  portions  of  the  metal,  grinding  it  to 
powder.  These  bars  were  not  turned  down  to  the  standard  size,  0.798 
inch,  but  had  the  corners  merely  taken  off,  making  the  cylindrical  por- 
tion nearly  1  inch  diameter  and  1  inch  long. 

No.  12  B  (3G.96  tin)  gave  even  more  trouble  than  No.  9  to  No.  11.  The 
piece  broke  in  the  lathe  before  the  corners  were  taken  off*.  No.  12  A  was 
left  for  test  without  being  turned. 


Fig.  6. 

No.  13  and  No.  14  (43.17  and  48.09  tin)  worked  like  No.  9  to  No.  11. 
No.  14  B  (38.41  copper,  G1.04  tin)  proved  to  be  much  softer  and  more 
easily  turned  than  No.  14  A  (G2.27  copper,  37.58  tin),  and  was  turned  to 
the  standard  diameter.  No.  14  A  was  as  hard  as  No.  12.  This  was  due 
to  the  difference  in  composition  of  the  two  ends  of  this  bar,  as  before 
described,  the  larger  proportion  of  tin  being  at  the  bottom. 
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No.  15  was  much  softer  than  No.  13,  but  not  so  soft  as  No.  14  B.  It 
was,  however,  very  weak,  and  broke  in  the  lathe  before  being  finished, 
Xo.  15  A  was  left  without  being  turned. 

No.  16  worked  like  No.  15,  the  tool  taking  off  very  fine  chips  and 
powder. 

No.  17  was  a  little  softer,  chips  from  the  tool  being  easily  reduced  to 
powder  by  being  rubbed  between  the  fingers.  No.  17  A  (45.93  copper, 
53.80  tin)  was  somewhat  harder  than  No.  17  B  (38.83  copper,  60.79  tin), 
which  was  due,  as  in  the  case  of  No.  14,  to  liquation. 

No.  18  to  No.  20  worked  like  No.  17  B,  the  chips  being  very  weak  and 
brittle. 

No.  21  was  not  turned,  on  account  of  the  cavity  which  extended  through 
its  length. 

No.  22  to  No.  29  all  worked  very  easily  in  the  lathe,  showing  increas- 
ing softness  as  the  proportion  of  tin  increased. 

The  apparatus  used  in  the  tests  by  tensile  stress  was  the  testing  ma- 
chine in  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Tech- 
nology, a  cut  of  which  is  shown  on  preceding  page. 

The  elongations  were  measured  by  means  of  a  pair  of  finely  pointed 
dividers,  with  a  fine  screw-attachment,  taking  the  distances  between  two 
points  marked  on  the  cylindrical  portion  of  the  test-piece,  about  5  inches 
apart.  The  distances  taken  by  the  dividers  were  then  measured  on  a 
standard  scale,  divided  to  hundredths  of  an  inch.  In  this  way  the  small- 
est elongation  which  could  be  observed  was  0.01  inch,  which  was  probably 
in  many  cases  beyond  the  elastic  limit,  so  that  from  these  experiments 
neither  the  elastic  limit  nor  the  modulus  of  elasticity  within  that  limit 
could  be  accurately  determined.  As  a  close  approximation,  however, 
the  elastic  limit  is  taken  from  the  curves  of  elongations,  the  point  at 
which  the  curves  appear  to  change  their  direction  toward  the  horizontal 
being  considered  to  indicate  the  limit. 

Tables  giving  the  record  of  the  test  of  each  bar  are  appended.  The 
following  is  a  summary  of  the  results : 
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Table  III.— First  Series— Copper  and  Tin  Allots. 
Tests  by  Tensile  Stress. 


Composition  by 
analysis. 

Diameter. 

a  is 

Tenacity 

per square 
oh. 

IS 
a. * 

■si 

No. 

1 

is 

11 

1 

li 
P 

Remarks. 

1A... 

IB.... 

Mean.. 

Cast 
do 

copper 


Inches. 
0.798 
0.798 

Inches. 
0.790 
0.742 
0.766 

0.0060 
0.0033 
0.0047 

Pound*. 

14,180 
11,340 
12,760 

Pounds. 
14,464 
11,509 
12,987 

12,000 
10,000 
11,000 

i 

*" 

2A... 

2B.... 

Mean.. 

07.95 
07.83 
07.89 

1.88 
1.02 
1.90 

0.708 
0.798 

0.730 
0.717 
0.724 

a  1506 
0.1100 
0.1883 

25,200 
23,960 
24,580 

30,104 
29,142 
29,623 

10,000 
10,000 
10,000 

3A... 

3B.... 

Mean.. 

06.16 
95.06 
96.06 

3.71 
3.80 
8.76 

0.708 
0.708 

0.696 
0.6f6 
0.C91 

0. 1317 
0.1540 
0.1429 

30,960 
33,040 
32,000 

40,687 
44,696 
42,692 

16,000 
16,000 
10,000 

4  A... 

4B.... 

Mean.. 

92.14 
92,07 
92.11 

7.84 
7.76 
7.80 

0.798 
0.798 

0.730 
0.737 
0.734 

0.0780 
0. 0325 
0.0553 

29,300 
27, 780 
28,540 

35,002 
32, 559 
33,780 

20,000 
18,000 
19,000 

5A... 

5B.... 

Mean.. 

90.11 
90.43 
90.27 

0.66 
9.50 
9.58 

0.798 
0.798 

0.745 
0.760 
0.753 

0.0412 
0. 0319 
0.0366 

26,720 
27,000 
26,860 

30,649 
29,761 
30,205 

15,000 
10,500 
15,750 

OA... 

OB.... 

Mean.. 

87.15 
87.15 
87.15 

12,69 
12.77 
12.73 

0.798 
0.708 

0.792 
0.773 
0.783 

0.0185 
0.0480 
0.0333 

26,700 
82,160 
20,430 

27,098 
34,263 
30,680 

20,000 
20,000 
20,000 

7A  ... 

80.09 
80.00 
80.95 

18.92 
18.75 
ia84 

0.798 
0.798 

0.708 
0.798 
0.798 

0.004 
0.004 
0.004 

33.600 
32,300 
32,980 

33,600 
82,360 
32,980 

7B.... 

Mean.. 

8A... 

8B.... 

Mean.. 

70.67 
7a  60 
76.64 

23.24 
23.23 
23.24 

0.708 
0.798 

0.798 
0.798 
0.798 

0 
0 

20,600 
23,420 
22,010 

20,600 
23,420 
22,010 

20,600 
23,420 
22,010 

OA... 

OB... 

Mean.. 

60.00 
60.77 
69.84 

29.85 
29.92 
29.89 

0.985 
0.972 

0.985 
0.972 
0.979 

0 
0 

7,006 
4,164 
5,585 

7,006 
4,164 
5,585 

7,006 
4,164 
5,585 

10 B.... 

08.57 

31.30 

0 

1,620 

1,620 

1,620 

Rectangular  section 
0.994"  X  L005". 

11  A... 
11B.... 
Mean .. 

65.31 
65.36 
65.34 

34.47 
34.47 
34.47 

0.074 
0.975 

0.074 
0.975 

0 
0 

2,370 
2,025 
2,201 

2,376 
2, 025 
2, 201 

2,376 
2,025 
2,201 

12A  ... 

61.83 
62.70 
62.31 

37.74 
36.06 
37.35 

0 
0 

250 
1,125 

688 

250 
1, 125 

688 

250 
1, 125 

688 

120.... 

Mean . . 

13A  ... 

56.58 

56.82 
50.70 

62.27 
38.41 
51.62 

43.11 

43.22 
43.17 

37.58 
61.04 
48.09 

0 
0 

1,259 

1,650 
1,455 

1,259 

1,650 
1,455 

1,259 

1,650 
1,455 

Rectangular  section 

13B  ... 
Mean .. 



0.975 

0.975 

0.998"  X  L004". 

14  A... 
14B  ... 

0.968 
0.798 

0.0C8  I       0 
0.798  !       0 

1,170 
3,940 
2,555 

1,170 
3,940 
2,555 

1,170 
3,940 
2,555 

1 

15A  ... 
ISC... 
Mean .. 

47.72 
47.01 

51.99 
52.14 

L055 

square. 

0 
0 

950 
2,100 
1,525 

950 
2,100 
1, 525 

950 
2,100 
1,525 



16  A... 
10B.... 
Mean . . 

44.62 
44. 42 
44.52 

55.15 
55.41 

55.28 

0.980 
0.798 

0.080 
0.748 

0 
0 

3,460 
2,560 
3,010 

3,460 
2,560 
3,010 

3,460 
2,560 
3,010 

17A... 
17B.... 
Mean .. 

45.93 
38.83 
42.38 

53.80 
60.79 
57.30 

0.708 
0.798 

0.748 
0.748 

0 
0 

2,260 
5,560 
8,910 

2,260 
5,560 
3,910 

2,260 
5.560 
3,910 

18A  ... 

38.37 
38.37 

01.32 
01.82 

0.798 
0.798 

0.748 

o 

Broke  before  test. 

18B.... 

0.748 

0 

2,820 



2,820 

2,820 

TESTS   OP  METALS. 
Tests  by  tensile  stress— Continued. 
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Composition  by 
analysis. 

Diameter. 

Ji 

ai 

_*  *•  «e 

111 
H 

Tenacity 
in 

per  square 
ch. 

W 

No. 

i 

i 

3d 

5  8 

M 

Remarks. 

19  A... 

34.22 
84.22 

65.80 
65.80 

Inches. 
0.798 
0.799 

Inches. 
0.748 
0.799 

0 
0 

Pounds. 

Pound*. 

Broke  before  test. 

19B... 

3,371 

3.371 

3,371 

20A... 
20B.... 
Mpftn 

26.57 
25. 12 

25.85 

73.08 
74.51 
73.80 

0.799 
0.798 

0.799 
0.798 

0 
0 

1,795 
1,500 
1,648 

1,795 
1,500 
1,648 

1,705 
1,500 
1,648 

21  A... 
21B.... 
Mean .. 

22.80 
23.89 
23.35 

76.89 
75.68 
7a  29 

0.997 
LO00 

0.997 
1.000 

0.0017 
0 

6,275 
7,275 
6,775 

6,275 
7,275 
6,775 

6,275 
7,275 
6.775 

Rectangular  section 
0.097"  X  1.007". 

Rectangular  section 
1"  X  1.02". 

22A... 
221*.... 

Moftn . . 

20.28 
2Q.  21 
20.25 

79.63 
79.62 
79.63 

0.798 
0.799 

0.798 
0.799 

0 
0 

6.440 
2,334 
4,337 

6,440 
2,234 
4,337 

6,440 
2,234 
4,337 

23A... 
23B.... 
Me^n . . 

15.12 
15.04 
15.08 

84.58 
84.65 
84.62 

0.798 
0.798 

0.798 
0.798 

0 
0.0067 
0.0067 

550 
6,520 
6,520 

550 
6,520 

550 
6,500 

Result  doubtful. 

24A... 
24B.... 
Mean.. 

11.49 
1L48 
11.49 

88.44 
88.50 
88.47 

0.798 
0.798 

0.768 
0.795 
0.782 

0. 0740 

0.008 

0.0410 

6,600 
6,160 
6,380 

7,050 
6,204 
6,627 

3,000 
4,000 
3,500 

25A  ... 
25B.... 
Mean.. 

8.82 
8.32 
8.57 

3.70 
3.74 
3.72 

91.12 
91.66 
91.39 

0.798 
0.708 

0.730 
0.740 
0.735 

0.0714 
0.0660 
0.0687 

6,000 
6,900 
6,450 

7,167 
8,021 
7,594 

3,500 
3,500 
3,500 

26A... 
20B  ... 
Mean.. 

96.30 
96.32 
96.31 

0.798 
0.798 

0.680 
0.600 
0.670 

0.0983 
0.148 
0.1232 

4,300 
5,260 
4,780 

5.920 
7,687 
6.804 

2,500 
3,000 
2,750 

27A  ... 

0.75 
0.72 
0.74 

9a  98 
99.06 
99.02 

0.798 
0.798 

0.550 
0.540 
0.545 

0.316 
0. 1397 
0.2279 

3,600 
3,700 
3,650 

7,576 
8,157 
7,867 

27  B 

Mean .. 

28A... 

28B.... 
Mean.. 

0.32 

0.32 
0.32 

99.46 

99.45 
99.46 

0.798 
0.798 

0.455 

0.475 
0.465 

0.3600 

0.3448 
0.3544 

4,700 

4, 250 
4,475 

14,453 

11,992 
13, 223 

2,500 

2,500 
2,500 

Tenacltyof  fractured 
section  doubtful. 
Do. 

29A  ... 

Cast 

tin. 

0.798 
0.798 

0.490 
0.300 
0.395 

0.2833 
0.4269 
0.3551 

2,800 
4,200 
3,505 

29B.... 

Da 

Mfuwi . 

30A... 
30B  ... 
Mean.. 

Cast 

copper. 

0.798 
0.798 

0.725 
0.740 
0.733 

0. 0752 
0.0541 
0.0647 

29,200 
26,400 
27,800 

34,790 
30, 201 
32,496 

14,000 
14,000 
14,000 

TESTS  BY  TENSILE  STRESS. 

The  results  of  the  tests  by  tensile  stress  agreed  in  general  very  closely 
with  those  by  transverse  stress,  the  relative  strength  and  ductility  of  the 
various  bars  being  the  same  under  either  kind  of  test.  This  is  very 
plainly  shown  by  an  inspection  of  the  curves  in  Plate  VIII,  in  which 
the  transverse  and  tensile  strengths  and  the  ductility  are  compared. 

Bar  No.  1  (all  copper)  proved  deficient  in  both  strength  and  ductility, 
in  consequence  of  the  presence  of  a  large  number  of  blow-holes.  The 
fact  should  be  kept  in  mind  throughout  this  discussion  of  results  that 
these  cast  pieces  were  purposely  used,  although  frequently  unsound,  as 
it  was  intended  to  ascertain  the  value  of  each  alloy  as  cast.    It  will  sub- 
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scquently  be  determined  how  far  the  occurrence  of  unsoundness  in  cast- 
ing can  be  avoided  by  special  treatment,  and  how  the  tenacity  and  other 
valuable  properties  may  be  thus  improved.  No.  t  A  had  a  tenacity  of 
14,180  pounds  per  square  inch,  and  No.  1  B,  11,3 10  pounds,  with  total 
elongations  of  only  0.03  and  0.02  inch  respectively.  The  contrast  be- 
tween the  properties  of  No.  1  and  No.  30  is  as  plainly  shown  in  the  ten- 
sile as  in  the  transverse  tests,  the  latter  having  a  tenacity  of  29,200  arid 
20,400  pounds  in  the  A  and  B  ends  respectively,  with  elongations  of 
0.37G  iuch  and  0.271  inch.  The  tensile  strength  of  No.  30  A  is  unusually 
high  for  cast  copper. 

Bar  No.  2  (97.89  copper,  1.90  tin)  was  very  much  more  ductile  than 
No.  1,  but  was  rendered  deficient  in  strength  by  blow-holes. 

Bar  No.  3  (96.06  copper,  3.70  tin)  was  stronger  and  more  ductile  than 
No.  2.  The  fractures  of  No.  3  A  and  No.  3  B  both  showed  blow-holes, 
which  probably  decreased  their  strength. 

Bars  No.  4  and  No.  5  (7.80  and  9.58  tin)  showed  an  exception  to  the 
rule  of  increase  of  strength  with  increase  in  the  proportion  of  tin,  and 
were  both  weaker  under  tensile  stress  than  No.  3,  while  in  the  transverse 
tests  No.  3  was  the  weakest  and  No.  5  the  strongest  of  the  three  bars. 
The  reason  of  this  weakness  does  not  appear  to  be  the  presence  of  blow- 
holes, as  No.  3  had  more  of  these  than  either  No.  4  or  No.  5.  In  the 
case  of  No.  5  the  weakness  is  probably  due  to  the  want  of  homogeneity 
of  the  metal.  As  observed  in  the  notes  on  transverse  tests,  the  fracture 
by  transverse  stress  was  not  homogeneous,  the  central  portion  being 
dark-red  or  brownish-red,  while  the  outer  i>ortions  were  of  a  reddish- 
yellow  to  yellowish-gray  color. 

In  the  fractures  uuder  tensile  tests  these  same  contrasts  of  color  were 
also  observed,  varying  slightly  from  those  of  the  transverse  fracture. 
The  yellowish  colored  metal  being  partly  cut  away  in  turning  the  cylin- 
drical test-piece,  the  section  left  was  composed  of  a  larger  proportion  of 
the  dark-colored  metal,  which  was  probably  weaker  thau  the  other. 
The  dark  color  appeared  as  if  it  might  have  been  due  to  oxidation  of  the 
copper,  rather  than  to  the  formation  of  a  distinct  alloy  of  the  pure  metal*, 
as  no  alloy  of  the  whole  series  in  any  way  resembled  the  central  portion 
of  bar  No.  5  in  color. 

The  more  rapid  cooling  of  the  metal  at  the  surface  than  in  the  center 
may  have  made  the  exterior  portions  the  stronger,  and  these  having 
been  cut  away  by  turning  the  tension  pieces,  this  may  account  for  the 
weakness  of  the  latter. 

Bar  No.  6  (87.15  copper,  12.73  tin)  showed  a  marked  difference  in 
tenacity  in  the  upper  and  lower  parts  of  the  bar,  No.  6  A  (87.15  copper, 
12.96  tin)  breaking  at  26,700  pounds  per  square  inch,  and  No.  6  B  (87.15 
copper,  12.77  tin)  at  32,160  pounds.  A  small  blowhole  appeared  in  the 
fracture  of  No.  6  A,  but  it  was  not  large  enough  to  account  for  the 
difference  in  strength.  The  cause  is  more  probably  the  difference  of 
structure  of  the  metal  in  the  two  ends  of  the  bar.  The  fracture  of  No. 
6  A  was  like  the  transverse  fracture  in  appearance,  coarse,  granular,  and 
mottled  in  color.  No.  6  B  was  also  mottled,  but  much  more  finely,  a 
close  observation  only  revealing  the  two  distinct  colors  of  the  metal. 
The  structure  was  also  much  more  compact.  The  analysis  of  the  turn- 
ings from  each  of  these  pieces  shows  the  composition  to  be  almost  pre- 
cisely the  same.  The  difference  in  structure  may  have  been  caused  by 
the  difference  in  pressure  at  the  top  and  bottom  of  the  mold. 

Bar  No.  7  (80.95  copper,  18.84  tin)  was  the  strongest  of  the  series,  the 
results  of  the  tensile  tests  agreeing  with  those  of  the  transverse  tests. 
The  tension-pieces  showed  but  little  ductility,  both  breaking  after  an 
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elongation  of  only  0.02  inch.  No.  7  A  (80.99  copper,  18.92  tin)  showed 
a  lack  of  homogeneity  in  color,  and  was  somewhat  weaker  than  No.  7  B 
(80.90  copper,  18.75  tin). 

Bar  No.  8  (76.64  copper,  23.24  tin)  was  much  weaker  than  No.  7,  and 
had  so  little  dnctility  that  no  elongation  amounting  to  0.01  inch  could 
be  detected.  The  fractures  were  similar  to  the  transverse  fracture,  with 
several  very  small  blow-holes.  Bars  No.  8  to  No.  20  (23.24  to  73.80  tin), 
inclusive,  had  all  such  exceedingly  slight  ductility  that  none  of  them 
elongated  0.01  inch  tensile  stress.  Their  comparative  ductility,  there- 
fore, cannot  be  determined  from  these  tests.  The  fact  of  their  having 
such  a  small  degree  of  ductility,  moreover,  unfits  them  for  any  use  in 
which  strength  is  required,  and  their  comparative  ductility  is  of  no 
practical  value. 

Bars  No.  9  and  No.  10  (29.89  and  31.26  tin)  were  so  hard  that  great 
difficulty  was  experienced  iu  holding  them  in  the  grip-blocks  of  the  tensile 
machine.  These  grip-blocks  were  made  of  very  hard  cast  steel,  and  the 
gripping  edges  were  scored  like  a  file.  Instead  of  cutting  into  the  metal 
of  No.  9  and  No.  10,  as  they  did  with  all  metals  softer  than  hardened 
steel,  they  ground  off  the  surface  and  let  the  pieces  slip  out. 

No.  9  A  was  turned  in  the  middle  portion  to  the  cylinder  form,  and 
was  1  inch  long  and  0.985  inch  in  diameter.  It  broke,  however,  in  the 
square  end  of  the  specimen,  about  1  inch  from  the  end  of  the  turned  por- 
tion, thus  fracturing  a  section  which  was  one-third  larger  than  the  mini- 
mum section  of  the  piece.  This  phenomenon  took  place  also  in  bar  No. 
13  (56.70  copper,  43.17  tin),  and  may  indicate  planes  of  weakness  in  por- 
tions of  the  test  piece  or  the  existence  of  internal  strains  greater  in  some 
portions  of  the  pieces  under  test  than  in  others. 

All  of  the  brittle  pieces  showed  not  only  general  weakness  but  irregu- 
larity of  strength.  The  upper  and  lower  portions  of  the  bar  often  gave 
very  different  results,  and  differed  so  irregularly  that  they  seemed  to 
follow  no  law  whatever.  The  tensile  strength  of  pieces  of  which  the 
chemical  analyses  showed  similar  constitution,  as  well  as  the  appearance 
of  the  metal,  often  gave  widely- varying  results. 

Bars  No.  11  to  No.  20  (34.47  to  73.80  tin)  all  exhibited  similar  deficiency 
of  strength.  The  peculiarities  of  each  are  given  in  the  notes  iu  the  ap- 
pended tables  under  the  record  of  the  test  of  each  bar.  The  minimum 
average  streugth  was  shown  by  bars  No.  12  and  No.  13  (37.35  and  43.17 
tin)  corresponding  to  the  results  of  the  transverse  tests.  From  No.  13 
to  No.  21  there  was  a  somewhat  irregular  increase  of  strength,  No.  21 
giving  a  second  maximum  point  of  strength  in  the  series  as  occurred 
with  the  transverse  tests. 

Bar  No.  21  (23.35  copper,  76.29  tin)  was  tested  at  its  original  square 
section,  on  account  of  the  existence  of  a  cavity  through  its  center, 
before  described.  No.  21  A  showed  some  indications  of  ductility,  an 
elongation  of  0.01  inch  being  observed. 

Bar  No.  22  (20.25  copper,  79.G3  tin)  showed  no  elongation  amounting 
to  0.01  inch.  No.  22  A  (20.28  copper,  79.63  tiu)  wras  nearly  three  times 
as  ductile  as  No.  22  B  (20.21  copper,  79.62  tin). 

Bars  No.  23  to  No.  29  (84.62  to  all  tin)  showed  regularly  increasing  duc- 
tility, No.  23  B  breaking  after  an  elongation  of  0.02  inch  and  No.  29  B 
after  an  elongation  of  2.58  inches. 

Bar  No.  23  A  gradually  elongated  under  the  load  of  3,300  pounds  for 
two  minutes  before  breaking,  the  elongation  increasing  from  0.13  to 
0.37  inch.  This  "time-test"  snowed  the  same  result  as  those  given  in 
the  tests  by  transverse  stress,  viz,  that  the  ductile  metals  may  show  a 
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greater  or  a  less  resistance  to  stress  as  the  load  is  applied  for  a  shorter 
or  a  longer  time.* 

The  ductile  bars  showed  a  much  greater  uniformity  of  strength  in  the 
upper  and  lower  portions  of  the  bars  than  the  brittle  pieces,  when  the 
time  occupied  by  the  test  was  the  same. 

u Time- tests"  of  shorter  duration  were  made  with  nearly  all  the  bars 
from  No.  23  to  No.  29,  with  the  uniform  result  of  increasing  the  elonga- 
tion. With  No.  29  A  a  special  "time-test"  was  made  to  determine  the 
difference  in  resistance  to  slow  and  rapid  rupture.  This  bar  being 
composed  entirely  of  tin,  and  apparently  a  good  casting,  it  would  be 
expected  that  tests  of  the  two  pieces,  one  from  the  upper  and  one  from 
the  lower  end  of  the  bar,  would  show  little,  if  any,  difference  in  strength. 
No.  29  A  was  first  tested  with  a  load  of  1,700  pounds,  which  caused  an 
elongation  of  0.15  inch.  This  load  was  then  reduced  to  1,250  pounds, 
and  the  reading  again  taken,  showing  an  elongation  of  0.19  inch,  which 
increased  in  two  minutes  to  0.27  inch.  The  load  was  then  increased  to 
1,400  pounds,  and  the  elongation  was  0  32  inch.  The  load  was  allowed 
to  remain  on  the  bar  for  ten  minutes,  and  the  elongation  gradually 
increased  to  1.70  inches,  when  the  bar  broke.  It  seems  probable  from 
this  test  that  the  load  of  1,400  pounds  would  have  broken  the  piece  even 
if  the  load  of  1,700  pounds  had  not  been  placed  on  it  at  the  beginning 
of  the  test 

Bar  No.  29  B  was  then  tested  in  a  different  manner.  The  load  was 
gradually  but  rapidly  iucreased  to  2,100  pounds,  without  stopping  longer 
than  a  sufficient  time  to  t  ike  the  reading  of  the  elongation  at  975, 
1,1&0, 1,290, 1,600,  and  2,000  pounds.  At  2,100  pounds  the  elongation 
was  read,  1.88  inches.  The  piece  then  extended  very  rapidly,  and  at 
the  same  time  its  resistance,  as  measured  by  the  scale-beam,  reduced  to 
1,700  pounds.  The  pump  of  the  hydraulic  press  was  run  as  fast  as 
possible,  but  the  beam  could  not  be  balanced  by  so  doing  beyond  1,700 
pounds.  The  piece  sustained  this  load  a  few  seconds,  and  then  broke 
alter  an  elongation  of  2.58  inches. 

Comparing  these  two  tests,  it  is  seen  that  the  resistance  of  No.  29  A  to 
an  elongation  greater  than  0.19  inch  was  never  greater  than  1,400  pounds, 
while  that  of  No.  29  B  was  2,100  pounds,  or  50  per  cent,  more  than  the 
former;  which  50  per  cent,  apparent  increase  of  strength  may  have  been 
entirely  due  to  the  greater  rapidity  of  the  test  of  No.  29  B  and  not  to  its 
inherent  strength.  The  fact  that  the  difference  in  strength  is  only  ap- 
parent is  confirmed  by  the  experiments  by  torsional  stress  on  pieces  from 
the  same  bar,  which  are  hereafter  described.  These  showed  that  torsion- 
pieces  No.  29  A  and  No.  29  B,  one  from  the  top  the  other  from  the  bot- 
tom of  the  bar,  each  tested  by  a  moderately  slow  motion,  each  gave  a 
resistance  of  142  foot-pounds  torsional  moment ;  piece  No.  29  C,  from  the 
middle  of  the  bar,  tested  in  the  same  manner  resisted  13.2  foot-pQunds, 
while  No.  29  D,  a  piece  also  taken  from  the  middle  of  the  bar  and  origi- 
nally adjoining  No.  29  C,  tested  by  very  slow  motion  and  left  under 
stress  for  many  hours,  resisted  only  9.2  foot-pounds  or  about  30  per  cent, 
less  than  either  of  the  other  pieces. 

The  strength  per  square  inch  of  fractured  section  is  given  in  the  tables 
for  the  purpose  of  comparison,  but  it  is  not  an  indicator  of  either  the 
ultimate  or  the  useful  strength  of  the  metals,  except  in  those  which  have 
but  a  limited  degree  of  ductility  and  which  do  not  show  increase  of 
elongation  under  continued  stress.  In  the  cases  of  ductile  metals,  the 
portion  of  the  test-piece  just  above  and  below  the  point  of  fracture  grad- 
ually narrowed  down  as  the  breaking  load  was  reached,  and  in  most 
cases  this  narrowing  or  "necking  down"  was  very  rapid  the  instant  be- 

*  See  paper  by  the  writer  in  appendix  on  The  Effects  of  Time,  &o. 
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fore  fracture.  In  such  cases  the  beam  of  the  scale  often  dropped  a  few 
seconds  before  fracture  took  place,  showing  a  decrease  of  resistance  and 
consequently  a  decrease  of  stress.  The  final  rupture  was  caused,  there- 
fore, by  some  load  less  than  the  maximum  load  which  the  piece  sustained 
before  the  rapid  necking  down  commenced.  In  a  few  cases  it  was  pos- 
sible to  follow  the  decrease  of  resistance  to  stress  by  balancing  the  scale- 
beam,  nearly  to  the  instant  of  rupture,  but  never  entirely  to  it,  so  that 
the  actual  load  sustained  by  the  piece  at  the  instant  of  rupture  could  not 
be  determined.  The  so-called  "tenacity  per  square  inch  of  fractured 
section,"  found  by  dividing  the  maximum  load  sustained  by  the  piece 
by  the  area  of  section  measured  after  fracture,  is  therefore  no  indication 
of  the  strength  of  the  metal.  Even  in  the  cases  in  which  the  decrease 
of  stress  was  not  observed,  and  the  scale-beam  dropped  apparently  at 
the  same  instant  that  rupture  took  place,  it  is  not  always  certain  that 
decrease  of  resistance  does  not  take  place  first,  although  only  a  fraction 
of  a  second  before  rupture,  nor,  therefore,  that  the  final  section  (meas- 
ured after  rupture)  even  sustained  the  load  indicated  by  the  scale-beam. 
The  following  description  of  the  fracture  by  tensile  stress  has  been 
made  by  Prof.  A.  E.  Leeds : 

DESCRIPTION  OF  THE  SURFACES  OF  FRACTURE  OF  A  SERIES  OF  ALLOYS 
OF  COPPER  AND  TIN  BROKEN  BY  TENSILE  STRESS. 

BY  PROF.  ALBERT  R.  LEEDS. 

No.  1  B  (all  copper). — Color,  copper-red,  with  a  purple  film  of  sub- 
oxide; surface,  in  part  large  vesicular,  in  part  crystalline,  radiating  to- 
ward edge. 

No.  2  A  (97.95  copper,  1.88  tin). — Color,  copper-red;  surface  deeply 
vesicular;  fracture,  uneven;  luster,  dull,  with  bright  points. 

Bar  No.  2  B  (97.83  copper,  1.92  tin).— Color,  copper  red,  inclining 
toward  yellow;  surface,  finely  vesicular;  fracture,  uneven;  luster,  dull, 
with  fine  bright  points. 

Bar  No.  3  B  (95.96  copper,  3.80  tin). — Color,  reddish  yellow;  surface, 
finely  vesicular,  the  curved  surfaces  interrupting;  luster,  dull. 

Bar  No.  4  B  (92.07  copper,  7.76  tin). — Color,  yellowish-red  in  part,  in 
part  reddish-yellow ;  surface,  vesicular;  luster,  dull. 

Bar  No.  5  A  (90.11  copper,  9.66  tin). — Color,  yellowish  red ;  surface, 
crystallization,  fibrous,  radiate,  finely  vesicular  on  faces ;  luster,  dull. 

Bar  No.  5  B  (90.43  copper,  9.50  tin). — Color,  grayish-yellow;  surface, 
coarse  vesicular ;  fracture,  jagged;  luster,  dull. 

Bar  No.  6  A  (87.15  copper,  12.69  tin).— Color,  bluish-white  with  bright 
yellow  spots;  surface,  confusedly  vesicular;  fracture,  hackly;  luster, 
dull. 

Bar  No.  6  B  (87.15  copper,  12.77  tin).— Color,  reddish-yellow,  with  blu- 
ish-gray points,  producing  a  general  impression  of  orange;  surface 
broadly  crystalline,  with  surfaces  of  prismatic  faces  finely  vesicular; 
luster,  dull,  with  minute  bright  points. 

Bar  No.  7  A  (80.99  copper,  18.92  tin).— Color,  grayish-white  with  yel- 
low points;  surface,  not  apparently  crystalline;  fracture,  coarse  hackly; 
luster,  dull. 

Bar  No.  8  B  (76.60  copper,  23.23  tin). — Color,  yellowish-gray;  surface, 
vesicular,  with  smooth  intervening  laces;  fracture,  even;  luster,  shin- 
ing. 

Bar  No.  9  A  (69.90  copper,  39.85  tin). — Color,  yellowish-gray  to  bluish- 
gray  in  different  lights ;  surface,  broadly-bladed  prismatic,  and  diverg- 
ing from  center;  fracture,  smooth;  luster,  splendent. 

Bar  No.  10  A  (68.58  copper,  31.26  tin).— Color,  yellow  to  bluish  gray ; 


300  TESTS   OF   METALS. 

surface,  broadly -bladed  prismatic  and  diverging  from  center ;  fracture, 
smooth :  luster,  splendent. 

Bar  No.  11  A  (G5.31  copper,  34.47  tin). — Color,  yellow  to  bluish -gray; 
surface,  crystallized,  but  not  readily  apparent;  fracture,  coarsely  waved; 
luster,  splendent. 

Bar  No.  12  B  (62.79  copper,  36.96  tin).— Color,  blue;  surface,  coarsely 
waved  and  pitted;  luster,  splendent. 

Bar  No.  13  A  (56.58  copper,  43.11  tin). — Color,  bluish;  surface,  crys- 
tallization eminent,  prismatic  blades  diverging  from  center ;  fracture, 
uneven;  luster,  splendent. 

Bar  No.  14  A  (62.27  copper,  37.58  tin). — Color,  bluish-gray  in  part,  in 
part  reddish-gray;  surface,  crystallized,  but  not  readily  apparent;  frac- 
ture, uneven;  luster,  dull. 

Bar  No.  14  B  (38.41  copper,  61.04  tin). — Color,  bluish-gray;  surface, 
crystallized  but  not  readily  apparent;  fracture,  coarsely  waved;  luster, 
splendent. 

Bar  No.  15  B  (47.49  copper,  52.29  tin). — Color,  bluish-gray  to  grayish- 
white;  surface,  waved;  fracture,  irregular ;  luster,  glistening. 

Bar  No.  16  B  (44.42  copper,  55.41  tin). — Color,  grayish- white;  surface, 
crystallized  but  not  readily  apparent,  waved  and  feebly  vesicular;  luster, 
glistening. 

Bar  No.  17  B  (38.83  copper,  60.79  tin). — Color,  grayish-white ;  surface, 
finely  waved  vesicular;  luster,  shining,  with  bright  points. 

Bar  No.  18  A  (43.37  copper,  56.37  tin). — Color,  grayish-white ;  surface, 
crystallization  prismatic,  with  waved  lines  on  prismatic  faces;  luster, 
splendent. 

Bar  No.  18  B  (43*36  copper,  56.40  tin). — Color,  grayish- white;  surface, 
crystallized,  but  not  readily  apparent,  feebly  vesicular;  fracture,  irregu- 
lar; luster,  glistening,  bright  lines  of  reflection  from  crystalline  faces. 

Bar  No.  19  A  (40.32  copper,  59.46  tin).— rColor,  grayish-white ;  sur- 
face, crystallization  eminent,  prismatic;  the  prismatic  faces  large  and 
striated:  prismatic  angle,  91°;  luster,  splendent. 

Bar  No.  19  B  (40.24  copper,  59.44  tin). — Color,  grayish- white;  surface, 
crystallization  eminent,  prismatic ;  luster,  splendent. 

Bar  No.  20  A  (26.57  copper,  73.08  tin). — Color,  grayish-white;  sur- 
face, crystallization  eminent,  the  faces  in  part  prismatic,  in  part  having 
an  octahedral  aspect ;  luster,  splendent. 

Bar  No.  20  B  (25.12  copper,  74  51  tin). — Color,  grayish-white ;  sur- 
face, crystallized,  but  not  readily  apparent,  waved  and  feebly  vesicular; 
fracture,  rough  ;  luster,  glistening,  with  bright  surfaces  of  reflection. 

Bar  No.  21  B  (33.89  copper,  75.68  tin). — Color,  grayish-white;  surface, 
feebly  crystalline  and  vesicular;  fracture,  hackly;  luster,  glistening,  with 
bright  points. 

Bar  No.  22  A  (20.28  copper,  79.63  tin).— Color,  grayish-white;  surface, 
crystallization  eminent,  prismatic  faces  irregular;  luster,  splendent. 

Bar  No.  22  B  (20.21  copper,  79.62  tin).— Color,  grayish- white;  surface, 
confusedly  crystalline,  with  prismatic  faces ;  luster,  splendent. 

Bar  No.  23  A  (15.12  copper,  84.58  tin). — Color,  grayish-white,  in  part 
with  yellow  tarnish;  surface,  crystallization  eminent,  broad  prismatic 
faces,  radiate ;  luster,  splendent. 

Bar  No.  24  B  (11.48  copper,  88.50  tin). — Color,  grayish-white ;  surface, 
crystallized  fibrous;  fracture,  hackly;  luster,  glistening,  with  bright  lines 
of  reflection  from  edges  of  crystals. 

Bar  No.  25  A  (8.82  copper,  91.12  tin). — Color,  grayish-white;  surface, 
irregular  and  feebly  vesicular ;  luster,  dull. 

Bar  No.  26  B  (3.74  copper,  96.32  tin).— Color,  grayish-white;  surface, 
fibrous,  in  part  slightly  vesicular;  luster,  dull. 
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Bar  No.  27  A  (0.75  copper,  98.98  tin). — Color,  grayish- white  5  surface, 
fibrous ;  fracture,  jagged ;  luster,  dull. 


PHOTOGRAPHS  OF  FRACTURES. 


The  surfaces  of  fracture  by  tensile  and  transverse  stresses,  which  were 
submitted  to  Professor  Leeds  for  description,  were  also  photographed  by 
him.    Copies  of  these  photographs  are  presented  with  this  report. 

Considerable  trouble  was  experienced  and  a  great  deal  of  time  con- 
sumed in  mounting  the  pieces  so  as  to  obtain  the  proper  effect  of  light 
and  shade  necessary  to  show  the  peculiarities  of  structure  of  the  frac- 
tured surfaces.  The  best  effect  was  finally  obtained  by  magnifying  the 
image  of  the  fracture,  so  that  the  photographs  were  one  and  a  half  times 
the  original  size  of  the  specimen.  In  general  six  pieces  were  taken  at 
once,  as  it  was  found  that  if  more  than  this  number  were  taken,  the  dif- 
ference in  structure,  and  consequently  in  reflection  of  light,  was  such 
that  the  treatment  necessary  to  obtain  good  pictures  of  some  of  the 
pieces  was  not  suitable  for  others. 

In  this  way  twenty-two  plates  were  made,  and  these  were  afterward 
combined  into  six  groups  of  four  plates  each,  and  reduced  to  about  half 
size,  or  to  about  three-fourths  of  the  size  of  the  specimens.  The  six 
plates  thus  formed  are  those  submitted  herewith.  They  are  numbered 
from  No.  1  to  No.  6,  and  the  following  is  a  key  to  the  arrangement  of 
the  fractures  which  are  photographed  in  each  : 

Key  to  the  Arrangement  of  Photographs  of  Fractures  of  Copper- Tin  Alloys. 
Plate  No.  1.  Plate  No.  2.  Plate  No.  3. 
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Plate  No.  4. 
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Plate  No.  5. 

1 

1 

6         6 

2 

2 

7          7 

3 

3 

8          8 

3 

3 

9         9 

4 

4 

10        10 

5 

5 

11        11 

Plate  No.  6. 
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Those  numbers  which  have  not  the  letters  A,  B,  C,  D  annexed  are 
fractures  by  transverse  stress;  those  witli  letters  affixed  are  tensile  frac- 
tures, except  the  five  pieces  in  the  upper  left-hand  corner  of  Plate  No.  1, 
which  were  fractures  by  torsion,  and  No.  15  A  and  No.  19  C,  in  Plate 
No.  3,  the  former  of  which  is  a  side  view,  showing  surface  markings  of 
crystallization.  The  latter  whs  an  accidental  fracture,  which  shows  a 
highly  crystalline  structure. 
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TESTS  BY  TORSIONAL  STRESS. 

After  breaking  the  pieces  by  tensile  stress,  as  described  above,  the 
sqnare  ends  of  the  fractured  pieces  were  turned  into  pieces  suitable  for 
tests  by  torsion.  The  standard  shape  and  size  of  these  torsion  pieces 
are  shown  in  the  sketch  below 
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Fig.  7. 

The  pieces  were  turned  with  great  care  to  a  diameter  of  0.625  inch,  as 
measured  by  a  standard  gauge,  and  the  distance  between  fillets  and  the 
shape  of  the  fillets  were  made  uniform  by  comparing  with  a  standard 
templet.  The  pieces  which  were  too  brittle  to  be  turned  in  a  lathe 
were  shaped  by  grinding  with  an  emery-wheel  in  an  apparatus  designed 
for  the  purpose. 

The  pieces  from  each  bar  were  marked  with  the  letters  A,  B^  C,D  in 
addition  to  the  number  of  the  bar,  these  letters  corresponding  with  those 
on  the  tension  pieces,  A  being  the  piece  nearest  the  top  of  the  bar,  B 
nearest  the  bottom,  and  C  and  D  from  the  middle. 


Fig.  8. 

The  tests  by  torsion  were  made  in  Prof.  R.  H.  Thurston's  machine  for 
testing  the  strength,  elasticity,  shock-resisting  power  of  resilience,  and 
the  homogeneousness  of  metal.  The  material  is  tested  by  twisting,  by 
which  is  obtained  a  great  range  of  distortion  and  the  most  favorable 
treatment  for  revealing  all  the  characteristics  of  the  test-piece.  The 
latter  is  placed  between  two  independent  jaws,  one  of  which  is  rotated 
by  means  of  an  arm  in  the  simpler  styles,  and  in  the  one  here  illustrated 
by  a  worm,  L,  and  gear  M.    The  force  thus  applied  is  transmitted  through 
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the  test-piece  to  the  other  jaw,  from  which  depends  a  weighted  arm  or 
pendulum,  B.  The  resistance  offered  by  this  pendulum  to  the  force 
tending  to  deflect  it  from  the  vertical,  causes  that  force  to  react  upon 
the  test-piece  and  produce  distortion  and  fracture.  The  angular  posi- 
tion assumed  by  the  pendulum  is  a  measure  of  that  force.  A  pencil  is 
secured  to  the  pendulum  and  is  moved  when  the  latter  is  thrust  for- 
ward, in  a  direction  perpendicular  to  the  plane  of  rotation,  by  its  con- 
tact with  a  guide-curve,  F,  fastened  to  the  frame  of  the  machine.  A 
cylinder,  G,  is  secured  to  that  jaw,  which  is  moved  by  the  gear-wheel. 
The  cylinder  and  the  pencil  have  precisely  the  relative  movements  of 
the  two  ends  of  the  test-piece,  so  that  the  length  of  the  curve,  automat- 
ically described  by  the  pencil  upon  a  paper  wrapped  about  the  cylinder, 
becomes  a  measure  of  the  degree  of  distortion  or  of  the  ductility,  and  its 
height  measures  the  resistance  offered  by  the  material. 

The  material  thus  tells  its  own  story,  these  elements  recording  them- 
selves simultaneously  and  continuously  from  the  initial  point  to  the  point 
of  final  rupture. 

The  diagrams  made  by  the  machine  show  to  the  eye  at  a  glance  the 
nature  of  the  material  tested  and  are  very  characteristic. 

In  making  a. test  with  this  machine,  the  test-piece,  of  the  form  shown 
on  previous  page,  is  placed  in  the  jaws  of  the  two  wreuches,  each  of 
which  takes  one  of  its  squared  ends,  and  force  being  applied  to  the  handle 
L,  the  stress  thrown  upon  the  specimen  is  transmitted  through  it  to  the 
weighted  arm  B,  causing  it  to  swing  about  its  axis  until  the  weight  ex- 
erts a  moment  of  resistance  which  equilibrates  the  moment  of  the  applied 
force.  As  the  magnitude  of  the  distorting  force  changes,  the  position 
of  the  weight  simultaneously  changes,  and  the  pencil  indicates,  at  each 
instant,  the  value  of  the  stress  upon  the  test-piece.  As  the  piece  yields 
under  stresses  of  increasing  amount,  also,  the  pencil  is  carried  in  the 
direction  of  the  circumference  of  the  cylinder  on  which  its  record  is 
made,  and  to  a  distance  which  is  proportional  to  the  amount  of  distortion, 
i.  e.,  to  the  "total  angle  of  torsion." 

As  the  applied  force  increases,  the  specimen  yields,  and  finally  rupture 
occurring,  the  pencil  returns  to  the  base-line,  at  a  distance  from  the 
starting-point  which  measures  the  angle  through  which  the  test-piece 
yielded  before  its  fracture  became  complete. 

Referring  to  the  diagrams  obtained  in  making  these  tests,  which  are 
appended  to  this  report,  it  is  seen  that  the  vertical  scale  of  the  diagrams 
is  a  scale  of  torsional  moments,  and  the  horizontal  scale  is  one  of  total 
angles  of  torsion.  Since  the  resistance  to  shearing,  in  a  homogeneous 
material,  varies  with  the  resistance  to  longitudinal  stress,  it  follows  that 
the  vertical  scale  is  also  for  such  materials  a  scale  of  direct  resistance, 
and  that  with  approximately  homogeneous  substances  this  scale  is  ap- 
proximately accurate  where  all  specimens  compared  are  of  the  same 
dimensions.  Since  the  elasticity  of  the  material  is  measured  by  the 
ratio  of  the  distorting  force  to  the  degree  of  temporary  distortion  pro- 
duced, the  diagrams  will  exhibit  the  elastic  properties  of  the  material, 
as  well  as  measure  its  ductility  and  its  resilience. 

It  will  be  noticed  also  in  these  diagrams  that  the  first  portion  of  the 
line  is  usually  a  curve  of  small  radius,  convex  toward  the  axis  of  ab- 
scissas, and  that  the  line  then  rises  at  a  slight  inclination  from  the  ver- 
tical, but  becoming  very  nearly  straight  until,  at  a  point  some  distance 
above  the  origin,  it  takes  a  reversed  curvature.  The  first  portion  of  the 
line  is  probably  formed  by  the  yielding  of  the  packing-pieces  securing 
the  heads  of  the  specimen,  and,  after  they  have  taken  a  bearing,  by  the. 
early  yielding  in  some  materials  of  particles  already  overstrained  by 
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internal  stresses.  When  a  firm  hold  is  obtained,  the  line  becomes  nearly 
straight,  and  the  amount  of  the  distortion  is  seen  to  be  approximately 
proportional  to  the  distorting  force,  and  the  inclination  of  the  line  is 
therefore  a  measure  of  the  stiffness  of  the  material. 

The  point  of  the  line  where  the  reversed  curvature  takes  place  marks 
the  limit  of  elasticity ;  that  is,  the  point  at  which  the  distortion  increases 
suddenly  much  more  rapidly  than  the  applied  force. 

The  brittle  metals,  in  which  these  elastic  limits  are  not  reached  before 
fracture,  also  do  not  give  in  the  torsion  diagram  any  curve  with  reversed 
curvature,  but  the  lines  rise  nearly  straight,  with  a  slight  inclination 
from  the  vertical  till  fracture  takes  place. 

The  following  rules  are  of  service  in  interpreting  the  diagrams: 

il)  To  determine  the  homogeneousness  of  tlie  material. 
Examine  the  form  of  the  initial  portion  of  the  diagram  between  the 
starting-point  and  the  first  sudden  change  of  direction  which  indicates 
the  elastic  limit.    Notice  also  its  inclination  from  the  vertical  and  com- 
pare with  it  the  inclination  of  the  "  elasticity  line." 

A  perfectly  straight  line  beneath  the  elastic  limit,  perfectly  parallel 
with  the  "elasticity  line,"  shows  the  material  to  be  liomogeneous  as  to 
strain ;  i.  e.,  to  be  free  from  internal  straius  such  as  are  produced  by 
irregular  and  rapid  cooling  or  by  working  too  cold.  Any  variation  from 
this  line  indicates  the  existence  and  measures  the  amount  of  strain.  A 
line  considerably  curved  exhibits  the  existence  of  such  strain. 

Next  examine  the  form  of  the  curve  immediately  after  passing  the 
elastic  limit. 

A  line  rising  from  the  elastic  limit  regularly  and  smoothly,  approxi- 
mately parabolic  in  form,  and  concave  toward  the  base  line,  indicates 
homogeneou8n€88  to  structure  and  the  absence  of  such  imperfections  as  are 
produced  in  wrought  iron  by  cinder,  or  in  cast  metals  which  have  been 
worked  from  ingots,  by  porosity  of  the  ingot. 

A  line  turning  the  corner  sharply  when  passing  the  elastic  limit  and 
then  running  nearly  or  quite  horizontal,  as  in  irons  usually  and  in  low 
steel,  or  actually  becoming  convex  toward  the  base-line,  as  with  some  of 
the  woods,  and  then  after  a  time  resuming  upward  movement  by  taking 
its  proper  parabolic  path,  indicates  a  decided  want  of  this  kind  of  homo- 
geneity. The  relative  length  of  the  depressed  portion  of  the  line,  and 
the  amount  of  depression,  measure  the  relative  defectiveness  of  materials 
compared  in  this  respect. 

Finally,  compare  the  diagrams  produced  by  several  specimens  of  the 
same  kind  of  material  or  from  the  same  mass. 

Homogeneousness  in  general  character  and  homogeneousness  in  compo- 
sition are  proven  by  the  precise  similarity  of  these  diagrams,  while  a 
greater  or  less  variation  of  the  curves  compared  indicates  a  greater  or 
less  difference  in  the  specimens  of  which  they  are  autographs. 

Materials  should  usually  exhibit  great  homogeneousness  in  all  these 
three  ways  to  be  perfectly  reliable.  Perfect  homogeneousness  is  not  to 
be  expected  in  either  respect. 

(2)  To  determine  tlie  elastic  resistance  of  the  specimen. 

Measure  the  height  of  the  curve  at  the  elastic  limit,  using  the  scale  of 
torsion,  or  for  tension,  which  is  given  for  each  machine  and  for  each 
standard  size  of  test-piece. 

(3)  To  determine  the  resistance  offered  to  any  given  amount  of  extension 
or  that  producing  a  given  set. 

Measure  the  height  of  the  curve  at  the  point  whose  distance  from  the 
origin  measures  the  assumed  degree  of  set. 

(4)  To  determine  the  ultimate  resistance  of  the  material. 
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Measure  in  a  similar  manner  the  maximum  height  of  the  curve. 

(5)  To  determine  the  resilience  of  the  piece  within  the  elastic  limit,  i.  e.f 
the  work  required  to  produce  an  evident  and  permanent  set,  approxi- 
mately proportional  in  amount  to  the  degree  of  change  of  form  of  the 
specimen.  (This  quantity  measures  the  power  of  the  material  to  resist 
blows,  and  its  determination  is  evidently  quite  as  important  as  that  of 
resistance  to  simple  stress,  which  latter  forms  one  of  the  factors  of  the 
former.) 

Measure  the  area  comprised  between  the  ordinate  of  the  curve  at  the 
elastic-limit  and  the  initial  part  of  the  curve.  This  quantity  is  propor- 
tional to  the  required  value. 

(6)  To  determine  the  resilience  of  the  material  within  any  assumed  limit 
of  extension,  i.  i.,  the  magnitude  of  blow  required  to  produce  a  given  set. 

Measure  the  area  of  the  curve  up  to  the  assumed  limit. 

(7)  To  determine  the  total  resilience  or  shock-resisting  power  of  the 
material. 

Measure  the  total  area  of  the  diagram. 

For  ductile  metals  an  approximate  value  is  obtained  by  taking  two- 
thirds  the  product  of  the  maximum  tenacity  by  the  maximum  extension. 
For  hard  and  very  brittle  materials  one-half  the  same  product  gives  very 
accurately  its  values.  For  intermediate  qualities  the  true  value  is  more 
nearly  two-thirds  this  product;  also  Swedish  wrought  iron,  white  cast 
iron  and  hardened  steel,  illustrate  the  first  and  the  second  classes;  ordi- 
nary tool-steels  are  examples  of  the  third  class. 

(3)  To  determine  the  effect  of  a  load  given  in  pounds  per  square  inch  of 
stress. 

Find  a  point  in  the  curve  having  an  altitude  which  measures  the  given 
stress,  the  abscissa  of  that  point  measures  the  extension  under  that  load. 

In  other  words,  a  point  being  found  in  the  curve,  the  height  of  which 
above  the  base-line  is  equal  to  the  load  per  square  inch,  its  horizontal 
distance  from  the  origin  measures  the  extension  of  the  material  as  pro- 
duced by  that  stress. 

In  calculating  the  torsional  moments  from  the  diagrams  the  scale  used 
was  the  following,  the  100-pound  weight  being  used  on  the  arm: 

For  resilience  the  following  scale  was  used: 
Resilience,  in  foot-pounds  of  work = (area  of  diagram  in  square  inches 
X  20.496)  +  (maximum  abscissa  in  inches  x  1.893). 

These  scales  were  determined  by  careful  experiment  and  measurement 
upon  the  machine  used  in  the  tests  ("  Standard"  machine  No.  7,  Stevens 
Institute  of  Technology). 

On  comparing  the  autographic  strain-diagrams  of  the  torsion  tests 
with  the  curves  of  tests  by  transverse  and  tensile  stresses,  made  by  plot- 
ting the  figures  of  the  records  of  the  latter,  Plate  VIII,  it  will  be  seen 
that  with  each  bar  there  is  a  very  marked  similarity  in  the  shape  of  its 
curves  produced  by  each  of  the  three  methods  of  test.  The  ductile  ma- 
terials, by  either  method  of  test,  give  curves  which  become  nearly  par- 
allel to  the  axis  of  the  abscissas  long  before  fracture,  while  the  brittle 
materials  give  curves  in  which  the  reversed  curve,  concave  to  the  axis 
of  abscissas,  never  takes  place. 

In  testing  the  torsion  pieces  of  all  bars  from  No.  1  (all  copper)  to  No. 

8  (76.64  copper,  23.24  tin)  inclusive,  the  weight  on  the  end  of  the  arm 

of  the  torsion  machine  was  100  pounds.    In  testing  all  the  remaining 

metals  the  weight  was  either  wholly  removed  and  the  weight  of  the  arm 
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alone  famished  the  distorting  and  breaking  force,  or  a  weight  of  30 
pounds  was  substituted  for  the  100  pounds.  In  calculating  the  strength 
and  the  resilience  from  the  diagrams,  the  ordinates  of  the  curve  are  mul- 
tiplied by  a  greater  or  less  factor  accordiug  as  the  greater  or  less  weight 
was  used  on  the  arm.  The  ductility  of  the  material  is  measured  by  the 
angle  of  torsion  and  is  independent  of  the  weight  used. 

In  addition  to  the  diagrams,  tables  are  appended  giving  the  results  of 
the  calculations  made  from  them,  viz,  the  area  of  the  diagram,  with  the 
resilience  calculated  therefrom ;  the  maximum  ordinate,  with  its  corre- 
sponding maximum  torsional  moment,  which  is  approximately  propor- 
tional, to  the  tensile  strength  of  the  material;  the  ordinate  at  the  elastic 
limit,  with  its  corresponding  torsional  moment,  which  is  also  approxi- 
mately proportional  to  the  tensile  strength  at  the  elastic  limit ;  and  the 
angle  of  torsion,  and  the  extension  in  parts  of  its  original  length  of  an 
exterior  fiber  or  line  of  particles  on  the  surface  of  the  cylindrical  portion 
of  the  test-piece,  which  is  calculated  from  the  angle  of  torsion  and  is 
directly  proportional  to  the  ductility. 

From  the  appended  tables,  to  which  are  given  the  results  of  the  cal- 
culations of  the  autographic  diagram  of  each  test-piece,  a  condensed 
table  has  been  made,  which  is  given  below,  which  gives  the  average  of 
results  of  the  several  test-pieces  from  each  bar.  In  making  the  averages, 
those  tests  which  are  evidently  unsatisfactory,  from  the  presence  of  large 
blow-holes  in  the  center  of  thu  test  specimen,  are  rejected.  In  the  tables 
at  the  end  of  the  report  the  tests  which  are  rejected  are  indicated. 


Table  IV.— Tests  by  Tortional  Stress — Averages  of  results  calculated  from 

THE  AUTOGRAPIIIC  STRAIN-DIAGRAMS. 

First  series, — Copper  and  Tin  Alloys, 
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NOTES  ON  THE  TESTS  BY  TOBSION. 

Referring  to  the  above  table,  it  will  be  seen  that  the  relative  strength 
and  ductility  of  the  various  bars  in  the  series,  as  found  by  the  tests  by 
torsional  stress,  agree  closely  with  the  tests  of  the  same  bars  by  trans- 
verse and  tensile  stress.  The  copper  bar  No.  30  shows  much  greater 
strength  and  ductility  than  No.  1,  as  would  be  expected  from  the  spongy 
structure  of  the  latter. 

There  is  a  regular  increase  of  strength  in  the  series  to  No.  7  (80.95 
copper,  18.84  tin),  as  shown  by  the  other  tests.  The  strength  then 
rapidly  decreases  to  Nd.  12  (62.31  copper,  37.35  tin),  the  weakest  of  the 
series.  The  same  general  weakness  and  irregularity  are  observed  in  the 
bars  from  No.  12  to  No.  20  (25.85  copper,  73.80  tin),  as  was  shown  in  the 
tests  by  teusile  and  transverse  stress.  The  second  maximum  point  of 
strength  is  agaiu  given  by  No.  21  (23.35  copper,  76.29  tin),  from  which 
point  the  strength  regularly  decreases  to  No.  29  (all  tin).  The  curves 
of  strength  of  the  series  by  tensile  and  torsional  stresses  (Plate  VIII) 
show  the  close  agreement  of  the  results  of  the  two  kinds  of  tests. 

Referring  to  the  autographic  strain-diagrams  of  the  tests  by  torsion 
(Plates  XXII  to  LXXVI)  and  to  the  tables  of  results  calculated  from 
the  diagram  of  each  piece,  the  following  observations  may  be  noted : 

Nos.  1  A,  1  CJ 1  D,  Plate  XXII  (cast  copper).  All  of  the  pieces  were 
full  of  blow -holes,  and  the  results  are  of  no  value  except  to  show  the 
worthlessness  of  this  metal  as  ordinarily  cast.  For  the  standard  tests 
of  cast  copper  see  No.  30. 

No.  2,  Plates  XXII,  XXIII.  XXIV  (97.89  copper,  1.90  tin).— The  pieces 
marked  A  and  B  were  sound  and  gave  good  results.  Pieces  C  and  D 
contained  several  blow-holes,  and  are  rejected  in  the  averages  as  defect- 
ive. The  fact  that  two  of  these  pieces  were  stronger  than  the  others, 
and  that  the  weaker  pieces  were  taken  from  the  middle  portion  of  the 
bar  show  the  cause  of  the  defective  transverse  strength,  and  show  also 
that  the  defects  in  some  of  the  bars  were  local  and  did  not  extend 
throughout  the  whole  length.  The  pieces  A  and  B  show  a  high  degree 
of  ductility,  the  total  angles  through  which  they  were  twisted  before 
rupture  being  296  and  339  degrees  respectively. 

No.  3,  Plates  XXV,  XXVI,  XXVII,  XX  VIII  (96.06  copper,  3.76  tin).— 
The  four  pieces  tested  give  results  varying  from  128  to  181  foot-pounds 
of  torsional  moment.  The  appearance  of  the  fractures  does  not  indicate 
the  reason  of  the  variation.  Tbe  strongest  piece  had  the  greatest  duc- 
tility, and  the  next  to  the  strongest  had  the  least  ductility. 

No.  4,  Plates  XXVJII,  XXIX  (92.11  copper,  7.80  tin).— Tbe  pieces 
taken  from  the  ends  of  the  bar,  marked  A  and  B,  gave  the  same  strength, 
viz,  175  foot-pounds  of  moment,  while  the  pieces  from  the  middle  of 
the  bar  marked  C  and  D,  gave  only  140  and  149  footpounds  respect- 
ively. The  ductility  varied  in  the  same  direction  as  the  strength,  the 
pieces  from  the  ends  having  extensions  about  twice  as  great  as  pieces 
from  the  middle. 

No.  5,  Plate  XXX  (90.27  copper,  9.58  tin).— Both  pieces  from  the 
lower  half  of  the  bar  were  defective.  The  piece  marked.  B  bad  a  large 
cavity,  about  one  inch  long  and  nearly  half  an  inch  in  diameter.  The 
existence  of  this  cavity  was  unsuspected  before  the  test  was  made.  The 
piece  marked  D  had  several  small  blow-holes,  and  a  peculiar  dark  color, 
as  if  oxidized,  similar  to  that  which  has  been  noted  under  the  tensile 
tests  of  this  bar.  The  pieces  A  and  G  were  sound,  and  gave  results 
neurly  agreeing  with  each  other. 

No.  6,  Plate  XXXI  (87.15  copper,  12.73  tin).— The  torsional  strengths  of 
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the  four  species  varied  from  134  to  182  foot-pounds.  The  fractures  show 
/the  cause  of  the  difference.  The  fractures  of  pieces  from  the  upper  half 
of  the  bar,  A  and  C,  show  the  same  separation  of  metals  which  has  been 
remarked  upon  in  the  transverse  test  of  this  bar.  There  are  two  distinct 
colors,  golden-yellow  and  silver-white,  mingled  throughout  the  surface 
of  fracture,  showing  liquation  of  the  metal  into  two  distinct  alloys.  The 
piece  marked  D,  from  the  upper  end  of  the  lower  half  of  the  bar,  also 
showed  this  separation,  but  in  a  much  less  degree,  or,  rather,  the  inter- 
mixture of  the  two  colors  was  much  closer  and  finer,  so  that  a  close  in- 
spection was  required  in  order  to  recognize  it.  The  fracture  was  some- 
what similar  to  that  of  the  tension  test-piece,  No.  6  B.  In  the  torsion 
piece,  from  the  lower  end  of  the  bar  No.  0  B,  liquation  was  not  observa- 
ble, and  the  fracture  appeared  quite  homogeneous,  and  of  a  uniform 
golden-yellow  color,  similar  to  that  of  No.  5  A  or  C.  As  might  be  ex- 
pected, this  piece  was  the  strongest  of  the  four,  its  maximum  torsional 
moment  being  182  foot-pounds,  while  those  of  the  pieces  A,  C,  and  D  were 
145, 144,  and  134  foot-pounds,  respectively. 

The  ductility  of  this  piece  (No.  0  B)  was  also  considerably  greater  than 
that  of  either  of  the  others.  The  shapes  of  the  surfaces  of  fracture  by 
torsional  stress  of  the  four  pieces  also  illustrate  in  a  marked  degree 
their  differences  of  properties.  The  pieces  A  and  C  have  the  irregular 
diagonal  or  conoidal  fracture  which  is  characteristic  of  fill  brittle  metals 
and  of  those  having  only  a  limited  amount  of  ductility,  such  as  cast  iron 
(Fig.  9),  while  the  fracture  of  piece  B  is  nearly  smooth,  and  lies  in  a  plane 
perpendicular  to  the  axis  of  the  specimen. 


Fig.  9. 


Fig.  10. 


This  fracture  is  characteristic  of  wrought  iron  (Fig.  10),  and  of  all 
metals  which  are  similarly  ductile.  The  fracture  of  the  piece  marked 
D  was  partly  diagonal  and  partly  perpendicular  to  the  axis,  showing  a 
structure  with  a  character  between  those  of  pieces  A  and  B. 

The  analyses  of  the  turnings  from  the  upper  and  lower  halves  of  the 
bar  do  not  show  any  variation  in  comparison  which  can  account  for  the 
variation  in  structure  or  in  strength.  The  composition  of  the  original 
mixture  was  86.57  copper,  13.43  tin,  and  the  analyses  gave  for  the  upper 
half  of  the  bar  87.15  copper,  12.69  tin,  and  for  the  lower  half  87.15  copper, 
12.77  tin.  The  difference  in  structure  is  possibly  accounted  for  by  the 
more  rapid  cooling  of  the  metal  at  the  lower  end  of  the  mold,  which  cool- 
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ing  would  prevent  a  separation  of  the  metals,  or  it  may  be  that  the  greater 
pressure  sustained  by  the  molten  metal  at  the  bottom  of  the  mold  pre- 
vented snch  separation  and  rendered  the  metal  more  compact 

The  liquation  which  is  observed  in  this  bar  appears  to  be  of  a  differ- 
ent character  from  that  of  bars  Nos.  14  and  17,  in  which  the  upper  end 
of  the  bar  contained  more  copper  and  the  lower  end  more  tin.  The  vari- 
ation of  composition  between  the  upper  and  lower  halves  of  bar  No.  14 
was  as  great  as  24  per  cent,  and  from  the  appearance  of  the  metal  in 
different  portions  of  this  bar,  it  was  evident  that  the  percentage  of  cop- 
per increased  gradually  from  the  bottom  to  the  top,  and  in  no  part  of 
the  bar  was  there  any  appearance  of  a  mottled  mixture  of  two  colors,  as 
in  bar  No.  6. 

The  tests  by  transverse  stress  showed  that  bar  No.  6  had  a  much  less 
transverse  strength  than  either  No.  5  or  No.  7,  and  if  introduced  in  the 
curve  of  tests  by  transverse  stress,  would  make  a  break  in  its  regularity. 
The  fact  that  the  torsion  piece,  No.  6  B,  of  the  same  composition  as  the 
other  pieces  from  the  bar,  had  such  a  difference  in  structure,  color, 
strength,  and  ductility,  shows  that  the  weakness  of  the  bar,  as  tested  by 
transverse  stress,  is  not  a  necessary  accompaniment  of  its  composition, 
and  it,  no  doubt,  would  have  given  much  higher  results  if  the  whole  bar 
had  been  cooled  in  exactly  the  same  manner  and  subjected  to  the  same 
pressure  as  the  bottom  of  the  bar. 

In  compiling  the  table  of  average  results  of  torsion  tests  given  above, 
the  results  of  the.  tests  of  the  pieces  A,  0,  and  D  are  rejected  as  defective, 
and  the  piece  B  is  considered  the  only  sound  piece  from  the  bar. 

The  curve  plotted  from  this  table  (Plate  III)  then  shows  a  regular  in- 
crease from  £Jo.  1  to  No.  7  (all  copper  to  80.95  copper,  18.84  tin),  without 
any  such  break  as  it  would  have  if  the  three  pieces  from  the  upper  por- 
tion of  bar  No.  6  were  admitted  in  the  averages. 

No  7,  Plate  XXXII  (80.95  copper,  18.84  tin).— The  piece  from  the  lower 
end  of  the  bar  No.  7  B  was  found,  upon  testing,  to  contain  a  large 
cavity,  similar  to  that  in  No.  5  B.  The  result  of  the  test  of  this  piece  is 
therefore  omitted  from  the  averages.  The  other  pieces,  A,  C,  and  D,  were 
sound  and  gave  good  results,  and  agree  with  the  transverse  and  tensile 
tests  in  showing  the  bar  to  be  the  strongest  of  the  series,  but  as  hav- 
ing very  little  ductility. 

No.  8,  Plate  XXXIL  (76.64  copper,  23.24  tin).— The  four  pieces  all 
gave  good  results.  By  inspection  of  the  diagrams  of  these  pieces,  it  will 
be  observed  that  the  elastic  limit  was  not  reached  till  fracture  took  place, 
as  each  diagram  is  nearly  a  straight  line,  slightly  inclined  from  the  verti- 
cal instead  of  being  a  curved  line  gradually  approaching  the  horizontal, 
such  as  was  given  by  all  the  more  ductile  pieces.  These  diagrams  cor- 
respond with  the  curves  plotted  from  the  results  of  the  transverse  tests 
(Plate  XVI),  which  also  are  nearly  straight  lines  from  the  beginning 
of  stress  to  the  point  of  fracture,  and  fail  to  show  an  elastic  limit,  frac- 
ture apparently  occurring  before  passing  that  limit.  This  composition, 
though  somewhat  hard  und  brittle,  works  very  well  in  the  lathe  or 
planer. 

The  composition  75.00  copper,  25.00  tin  is  used  by  the  Messrs.  Perkins 
for  the  piston-rings  of  their  high-pressure  steam-engines  without  lubri- 
cation. 

No.  9  to  No.  17,  Plates  XXXII,  XXXIII,  XXXIV  (29.89  to  57.30  tin)  — 
The  bars  No.  9  to  No.  17,  inclusive,  were  so  very  hard  that  it  was  impos- 
sible to  turn  torsion  pieces  in  the  lathe  to  standard  size  without  risk  ot 
breaking  them.  .  They  were  therefore  only  turned  to  cylindrical  form, 
with  diameters  varying  from  0.890  to  0.970  inch.    Many  of  the  pieces 


310  TESTS   OF  METALS. 

broke  in  the  lathe  even  before  the  cylindrical  form  was  reached,  and 
thus,  in  many  cases,  only  one  or  two  pieces  could  be  obtained  from  a 
bar.  A  few  of  the  pieces,  Nos.  9, 10, 11,  and  12,  could  not  be  cut  at  all 
,  with  the  hardest  steel  tool,  and  were  ground  on  a  small  emery  wheel. 

On  account  of  the  great  lack  of  strength  of  these  pieces,  the  100-pound 
weight  was  removed  from  the  arm  of  the  machine,  and  the  weight  of 
tbe  arm  alone,  or,  in  some  cases  with  a  30-pound  weight  attached, 
was  used  to  measure  the  resistance.  The  diagrams  of  strain  of  all  these 
pieces  are  similar  in  character,  being  almost  straight  lines,  very  nearly 
vertical,  and  showing  no  elastic  limit  or  point  of  change  of  direction  of 
the  line  towards  the  horizontal. 

The*  torsional  moments  of  the  pieces,  whose  diameters  are  larger  than 
the  standard  size  (0.625  inch),  were  reduced  to  the  equivalent  moments 
of  pieces  of  standard  size  by  dividing  them  by  the  ratio  of  the  cubes  of 
the  diameters  of  the  pieces  to  the  cube  of  0.625,  since  the  resistances  to 
rupture  by  torsion  of  pieces  of  different  diameters  vary  as  the  cubes  of 
the  diameters.  Thus  reduced,  the  maximum  torsional  moments  of  these 
pieces  range  from  7.06  to  29.60  foot-pounds;  or  they  were  nearly  from 
3^  to  }  as  strong  as  the  strongest  piece  tested,  No.  7  C. 

The  resiliences,  i.  e.,  the  amounts  of  energy  expended  or  work  done  in 
producing  the  rupture  of  these  brittle  pieces,  are  not  reduced  to  the 
equivalents  of  pieces  of  standard  size,  since  the  relation  between  the 
diameters  and  resilience  was  undetermined.  The  figures  of  resilience 
which  are  given  in  the  tables  do  not  represent  the  moduli,  but  are  the 
absolute  resiliences  of  the  pieces  tested.  The  resilience  reduced  to  a 
modulus  tor  the  standard  diameter  would  be  much  smaller. 

The  enormous  difference  in  resilience  between  these  brittle  specimens 
and  those  more  ductile  is  seen,  even  without  reducing  them  to  a  common 
standard. 

The  resiliences  of  the  brittle  pieces  of  large  diameters  vary  from  0.19 
to  0.92  footpounds,  while  that  of  No.  3  A,  the  most  resilient  piece  of 
standard  size,  is  936.56  foot-pounds. 

No.  18,  Plate  XXXIV  (38.37  copper,  61.32  tin).— Three  torsion  pieces 
were  obtained  from  this  bar,  of  which  two  were  turned  to  the  standard 
size.  The  diagrams  show  the  same  distinguishing  characteristics  as 
those  of  Nos.  9  and  17,  except  that  a  slightly  greater  inclination  from 
the  vertical  is  to  be  noted,  indicating  less  stiffness. 

No.  19,  Plate  XXXIV  (34.22  copper,  65.80  tin).— Three  torsion  pieces 
were  tested  which  gave  the  characteristic  diagrams  of  weak  and  brittle 
materials,  but  the  piece  marked  B  was  nearly  three  times  as  strong  as 
the  pieces  marked  A  and  D.  This  is  readily  accounted  for  on  examining 
the  appearance  of  the  fracture.  It  was  coarsely  granular,  while  the 
fractures  of  the  pieces  A  and  D  were  coarse  and  laminated  or  crystal- 
line. This  difference  of  structure  does  not  appear  to  be  due  to  a  differ- 
ence of  composition,  but  it  may  be  a  consequence  of  a  difference  in  the 
rate  of  cooling  of  the  upper  and  lower  ends  of  the  bar,  or  of  a  difference 
in  pressure  in  the  liquid  metal,  such  as  has  been  observed  in  the  notes 
on  the  test  of  No.  6  B. 

No.  20,  Plate  XXXIV  (25.85  copper,  73.80  tin).— Four  pieces  were 
tested,  which  exhibited  the  same  differences  in  strength  and  in  structure 
that  were  shown  in  No.  19.  The  piece  A  had  a  large  prismatic  crystal- 
line or  laminated  structure,  aud  the  piece  gave  a  torsional  moment  of 
only  10.84  foot-pounds.  The  piece  C  had  a  crystalline  structure,  but  the 
crystals  were  very  much  smaller,  were  more  confused  and  less  well- 
defined.  The  torsional  moment  was  25.35  foot-pounds.  The  piece  D  was 
different  from  either,  being  rather  open  and  granular  and  of  a  little 
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darker  color  than  either  of  the  others.  It  was  also  very  weak,  giving  a 
torsional  moment  of  only  12.44  foot-pounds.  The  piece  B  again  differed 
from  all  the  others.  It  had  a  very  close,  fine,  granular  structure,  and  in 
color  similar  to  those  of  A  and  C.  There  was  a  blow-hole  in  the  center 
of  the  specimen,  about  £  inch  long  and  0.15  inch  in  diameter,  but  not- 
withstanding the  blow-hole  it  was  much  the  strongest  of  any  of  the  four 
pieces,  having  a  torsional  moment  of  35.44  foot-pounds. 

These  differences  in  structure  are  not  shown  by  the  analyses  to  be  due 
to  liquation,  as  there  is  but  little  difference  in  composition  of  turnings 
from  different  portions  of  the  bar,  and  similar  appearances  of  color  and 
structure  are  observed  in  pieces  which  are  known  to  vary  in  com  portion 
as  much  as  10  per  cent.  In  the  grayish-white  alloys  the  prismatic  crys- 
talline structure  is  usually  found  in  the  upper  portion  of  the  bar,  and  it 
is  always  accompanied  by  deficiency  in  strength.  It  is  perhaps  due  to 
slow  rate  of  cooling,  or  to  lighter  pressure  than  is  sustained  by  the 
metal  at  the  bottom  of  the  mold. 

No.  21,  Plate  XXXIV  (23.35  copper,  76.29  tin)  had  a  cavity  extending 
through  its  whole  length  except  five  inches  of  the  upper  end.  A  torsion 
piece  could  only  be  obtained,  therefore,  from  this  upper  portion.  It  ex- 
hibited a  torsional  resistance  of  41.50  foot-pounds,  which  is  greater  than 
that  of  any  piece  from  No.  9  (69.84  copper,  29.89  tin)  to  No.  29  (all  tin). 
This  gives  a  second  maximum  point  of  strength  in  the  series,  and  one 
corresponding  to  those  obtained  by  tensile  and  transverse  stress.  The 
structure  was  similar  to  that  of  the  piece  No.  20  B. 

No.  22,  Plate  XXXIV  (20.25  copper,  79.64  tin).— Four  pieces  were 
tested,  showing  resistances  varying  from  12.24  to  33.43  foot-pounds  of 
torsional  moment.  The  fractures  were  all  confusedly  crystalline,  showing 
some  differences  in  structure,  which  may  account  for  their  differences  in 
strength.  The  strongest  piece,  No.  22  B,  had  an  angle  of  torsion  of  10 
degrees,  which  is  greater  than  that  of  any  piece  between  No.  8  and  No. 
22,  and  marks  the  beginning  of  the  ductile  specimens  at  the  latter  end 
of  the  series.  From  No.  22  there  is  a  regular  increase  of  ductility  to  No. 
29  (all  tin),  which  is  the  most  ductile  of  the  series. 

No.  23,  Plate  XXXV  (15.08  copper,  84.62  tin).— Three  pieces  were 
tested,  which  gave  diagrams  nearly  similar,  the  strength  ranging  from 
20.31  to  26.36  foot-pounds,  and  the  angles  of  torsion  from  22  to  26.5 
degrees.  As  shown  by  the  diagrams,  each  piece  twisted  through  several 
degrees  after  reaching  its  maximum  resistance,  the  last  portion  of  the 
diagram  being  a  horizontal  straight  line.  This  appears  to  be  a  peculiarity 
of  the  more  ductile  white  alloys.  The  yellow  ductile  metals  do  not  usually 
reach  their  maximum  resistances  till  nearly  at  the  point  of  fracture. 

No.  24,  Plates  XXXV,  XXXVI  (11.49  copper,  88.47  tin).— Four  pieces 
were  tested,  giving  torsional  moments  from  21.32  to  25.35  foot-pounds. 
Great  differences  in  ductility  were  observed  among  these  pieces,  No.  24 
A  having  an  angle  of  torsion  of  16  degrees  and  No.  24  0  au  augle  of  109 
degrees.  There  was  nothing  in  the  appearance  of  the  fracture  which 
would  indicate  the  cause  of  these  differences. 

No.  25,  Plates  XXX VII,  XXXVIII  (8.57  copper,  91.39  tin).— Four 
pieces  were  tested,  which  gave  diagrams  nearly  similar  in  shape.  The 
pieces  A,  C,  and  D  showed  almost  the  same  strength,  viz,  21.32,  20.31, 
and  20.91  foot-pounds  respectively,  with  corresponding  angles  of  torsion 
of  153, 123,  and  148  degrees.  No.  25  B  had  much  greater  strength,  viz, 
29.39  foot-pounds,  and  a  smaller  angle  of  torsion,  viz,  102  degrees.  Its 
greater  strength  is  partly  accounted  for  by  the  method  of  test.  As 
shown  in  the  diagram,  the  speed  of  the  handle  of  the  machine  was 
increased  in  the  latter  portion  of  the  test,  which  at  once  caused  an  in- 
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creased  resistance,  as  shown  by  the  rise  of  the  diagram.  This  increase 
of  resistance  to  rapid  motion  uniformly  took  place  in  all  the  white  duc- 
tile alloys,  and  agrees  with  that  which  has  already  been  noted  under 
the  transverse  and  tensile  tests.* 

No.  26,  Plates  XXXIX,  XL  (3.72  copper,  96  31  tin).— Four  pieces 
were  tested,  but  two  are  rejected  from  the  table  of  averages  on  accouut 
of  the  existence  of  blow-holes,  which  were  found  in  the  center  of  the 
pieces  after  testing  them.  The  remaining  pieces  B  and  D  exhibited  re- 
sistances of  19.30  and  26*36  foot-pounds,  and  gave  angles  of  torsion  of  251 
and  190  degrees,  respectively.  The  test  of  No.  26  D  was  purposely  made 
rapidly,  and  its  increased  resistance  is  thus  accounted  for.  The  increase 
of  resistance  is  apparently  connected  with  a  decrease  of  ductility  in  this 
piece  as  well  as  in  No.  25  B,  but  in  some  other  tests  of  ductile  metals 
this  did  not  always  seem  to  be  the  case. 

No.  27,  Plates  XLI,  XLII,  XLI1I  (0.74  copper,  99.02  tin).— Four  pieces 
were  tested,  of  which  two,  A  and  D,  are  rejected  from  the  averages  on 
account  of  blow-holes.  The  pieces  B  and  0  gave  maximum  torsional 
moments  of  17.28  and  19.30  foot-pounds,  with  angles  of  torsion  of  362 
and  412  degrees,  respectively.  Beferring  to  the  diagram  of  No,  27  C,  it 
will  be  seen  that  its  maximum  resistance  took  place  only  at  a  point  where 
there  was  a  rapid  motion  of  the  arm  for  an  instant,  and  that  at  every 
other  part  of  the  diagram  the  resistance  was  less  than  that  of  No.  27  B, 
which  was  tested  with  a  nniform  slow  motion.  Although  the  ductility  of 
No.  27  G  is  the  greater,  its  resilience  is  less,  which  shows  that  it  had  a 
slower  mean  resistance.  At  different  points  of  this  test  the  rate  of  mo- 
tion was  changed,  and  at  times  stopped  entirely.  At  one  time  the  piece 
was  left  under  stress  for  16  hours,  and  at  other  times  for  the  spaces  of 
10  minutes,  2  minutes,  and  1  minute.  At  each  of  these  rests  the  resist- 
ance of  the  piece  decreased,  as  is  shown  by  the  fall  of  the  diagram.  A 
rise  of  the  diagram  is  seen  to  take  place  whenever  there  is  an  increase 
in  the  rate  of  motion.  This  test  exhibits  in  a  very  marked  degree  the 
influence  upon  the  ductile  metals  both  of  rapid  and  slow  distortion,  and 
of  decrease  of  resistance  to  static  load  when  left  for  any  length  of  time.* 

No.  28,  Plates  XL1V,  XLV,  XLV1,XLV1I  (0.32  copper,  99.46  tin).— 
Four  pieces  were  tested.  The  test  of  the  piece  A  was  made  with  the 
100-pound  weight  on  the  arm  of  the  machiue,  and  consequently  the  ordi- 
nate of  the  diagram  became  so  small  that  too  great  error  in  measure- 
ment may  exist,  and  the  test  is  therefore  rejected  from  the  averages. 
The  other  pieces  were  tested  without  the  weight  on  the  arm,  with  a 
uniform  slow  motion,  and  gave  good  results,  showing  considerable  uni- 
formity, both  in  strength  and  ductility. 

No.  29,  Plates  XLVlli,  XLIX,  L,  LI  (all  tin).— Four  pieces  were 
tested,  the  pieces  A,  B,  and  G  with  ordinary  uniform  slow  motion,  and 
the  piece  D  with  a  much  slower  motion.  The  latter  piece  was  also  left 
under  stress  at  different  times  for  40  and  for  1, 2,  and  4  hours.  The  first 
three  pieces  showed  great  uniformity,  their  diagrams  being  almost  ex- 
actly similar.  The  latter,  iu  consequence  of  the  very  slow  motion,  ex- 
erted a  much  smaller  resistance,  and,  when  left  under  stress,  a  decrease 
of  resistance. 

No.  30,  Plates  LII,  LIII  (ail  copper). — Four  pieces  were  tested,  all 
giving  good  diagrams.  The  torsional  moments  varied  from  127  to  155 
foot-pounds,  and  the  angles  of  torsion  from  105  to  177  degrees.  All  these 
tests  show  this  bar  of  copper  to  be  an  excellent  piece,  confirming  the 
results  of  the  transverse  and  tensile  tests.    Comparing  the  results  of 

*  See  papers  by  the  writer,  Trans.  Am.  Soo.  Civil  Engrs.,  187&-f76. 
t  See  papers  by  the  writer,  &c. 
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the  tests  of  the  torsion  pieces  of  No.  30  with  those  of  the  other  copper 
piece,  No.  1,  a  very  great  contrast  is  seen.  The  torsional  moments  of 
the  latter  were  only  57  to  75  footpounds,  and  the  angles  of  torsion  only 
26  to  49  degrees.  The  fractures  of  No.  30  were  all  compact  and  homo- 
geneous, while  those  of  No.  1  were  all  full  of  blow-holes. 

TESTS  BY  COMPRESSION. 

A  number  of  pieces  were  taken  from  the  broken  tension-test  speci- 
mens and  turned  into  small  cylinders  to  be  tested  by  compressive  stress. 
The  size  of  these  pieces  was  very  accurately  2  inches  in  length  and 
0.625  inch  in  diameter.  The  ends  were  carefully  made  plane  surfaces, 
perpendicular  to  the  axis  of  the  cylinder. 

Nos.  1  D,  25,  26,  27,  and  28,  were  tested  in  a  compression  attachment 
to  the  Rifebl6  testing-machine  (Fig.  6,  p.  292),  described  in  connection 
with  the  tensile  tests,  and  the  amounts  of  compression  were  measured 
by  the  apparatus  (Fig.  13,  p.  326)  used  in  measuring  tensile  elongations  in 
the  second  series.  For  these  compression  tests  the  level  was  removed, 
the  arm  which  supported  the  level  fixed,  and  a  battery  and  signal  con- 
nected to  determine  the  point  and  instant  of  contact  of  the  end  of  the 
micrometer  screw  by  the  passage  of  a  current  of  electricity. 

All  other  tests  were  made  on  the  testing  machine,  ol  100,000  pounds 
capacity,  in  use  by  the  Ordnance  Bureau,  U.  S.  A.,  at  the  Army  Build- 
ing, New  York  City.  In  this  machine  the  stress  is  applied  by  means  of 
a  lever  operated  by  hand  through  a  system  of  spur-gearing  with  a  screw, 
and  is  measured  by  a  combination  of  levers.  A  similar  machine,  de- 
signed by  Major  Wade,  is.  described  in  a  Report  of  Experiments  on 
Metals  for  Gannon,  by  officers  of  the  Ordnance  Department,  U.  S.  A., 
1856. 

On  account  of  the  small  lengths  of  the  specimens,  it  was  difficult  in 
this  machine  to  make  direct  measurements  of  the  amounts  of  compres- 
sion. An  approximation  to  the  amounts  was  derived  from  noting  the 
number  of  revolutions  of  the  handle  necessary  to  produce  a  certain  com- 
pression. 

It  was  found  that  47£  turns  of  the  handle  were  required  to  cause  one 
turn  of  the  screw,  which  raised  the  main  lever  of  the  machine.  The  arms 
of  the  lever  were  as  10  to  1,  and  the  pitch  of  the  screw  which  elevated 
it  was  0.4  inch.  From  these  data  it  is  found  that  one  turn  of  the  handle 
should  produce  a  compression  of  the  test  specimen  of  0.000846  inch. 

From  this  is  to  be  subtracted  an  error  due  to  the  spring  or  elasticity 
of  the  machine  itself.  A  close  approximation  to  the  actual  amount  of 
this  error  was  obtained  as  follows : 

The  piece  No.  8  B  was  placed  in  the  machine,  and  after  a  few  hun- 
dred pounds  pressure  was  applied  for  the  purpose  of  taking  up  back- 
lash in  the  gearing,  it  required  296  turns  of  the  handle  to  prQduce  a 
Btress  of  32,000  pounds.  At  the  same  time  the  distance  between  the 
pressure -plates  at  the  top  and  bottom  of  the  piece,  as  measured  by  a 
scale  divided  to  jfa  of  an  inch,  was  1.83  inches,  indicating  an  actual 
compression  of  the  piece  of  0.17  inch.  The  calculated  compression,  in- 
eluding  the  error,  was  296  turns  x  0.000846=0.250416  inch.  The  error 
C4  is,  therefore,  0.250416—0.17=0.080416  inch. 

We  may  safely  assume  that  the  error  due  to  the  elasticity  of  the  parts 

of  the  machine  is  proportional  to  the  stress,  and  hence  — QonAA— = 
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0.0000025  is  the  error  of  the  calculated  compressions  for  eaoh  pound  of 
stress. 

This  comparison  of  calculated  with  actual  compressions  was  repeated 
a  great  number  of  times  with  nearly  similar  results,  and  the  averages  of 
the  most  reliable  observations  gave  the  same  figure. 

Table  No.  V,  giving  the  results  of  all  the  tests  by  compressive  stress, 
is  appended.  The  figures  given  in  the  table  as  the  compression  of  the 
pieces  tested  in  the  testing-machine  of  tbe  Ordnance  Bureau  were  calcu- 
lated from  the  number  of  turns  of  the  handle  required  to  produce  the 
corresponding  stress,  in  the  manner  above  stated,  using  the  formula 

C=0.000846  N— 0.0000025  P 

where  O  is  the  amount  of  compression  in  inches,  N  the  number  of  turns 
of  the  handle,  and  P  the  applied  stress  in  pounds. 

The  following  table,  Y,  presents  a  condensed  summary  of  the  results 
of  these  experiments.  The  results  are  also  combined  with  those  of  the 
second  series  in  the  plotted  curves  of  Plate  IV. 

Table  V.— Tests  by  Compressive  Stress. 
First  Series. — Alloys  of  Copper  and  Tin. 


No. 


Composition  by 
analysis. 


I 


Load  per  square  inch  causing 
a  compression  of— 


4 


•a* 

! 


Remarks* 


1... 
ID. 


4. 

6. 

6. 

7. 

8. 

0. 
11. 
12. 
15. 
16. 
17. 
18. 
19. 
20. 
22 
23". 
24. 
26. 
26. 
27. 
28. 
29. 
30. 


Cast  oopper. 
.do. 


97.88 
95.96 
92.07 
90.43 
87.15 
80.99 
76.60 
69.90 
65.31 
61.83 
47. 72 
44.62 
38.83 
3a  37 
34.22 
25.12 
20.21 
15  12 
11.48 
8  57 
a  72 
0.74 
032 


1.92 
3.80 
7.76 
9.50 
12.77 
18  92 
23.23 
29.85 
34.47 
37.74 
51.99 
55.15 
60.79 
61.32 
65.80 
74.51 
79.62 
84.58 
8K.50 
91.39 
96.31 
99.02 
_.__  99.46 
Cast  tin. 
Cast  copper. 


Pound*. 
26,000 
33,000 
29,335 
39,200 
31,500 
32,000 
39,000 
65,000 
101,044 


Pounds. 
39,000 
45, 500 
34,000 
42,048 
42, 000 
38,000 
53,000 
78,000 


Pounds. 
51,000 
58, 671 
40,000 
52, 152 
05, 000 
60,000 
80,000 
103, 489 


19,557 
17,  927 
16, 297 
6,519 
10,104 
6,500 
6,519 
6,519 
6,519 
6,030 
34,000 


17,927 

16,297 

0,519 

10,104 


17,927 

16,207 

6,519 

10,104 


6.519 
6,519 
6,519 
6,400 
42,000 


6,519 
6,519 
6,519 
6,510 

58,000 


Pound*. 

74,968 

78, 228 

46, 263 

52, 152 

84,095 

61,930 

89,636 

103,  489 

114, 081 

146, 670 

84, 747 

89,114 

84, 747 

35,854 

39,114 

20, 335 

19,557 

17,927 

16,297 

9,452 

14, 016 

9,778 

9.778 

9,778 

9,778 

7,497 

71,709 


.4480 
.  4339 
.3080 
.3025 
.4535 
.3355 
.3860 
.2030 
.0905 
.0350 
.0285 
.0175 
.0215 
.0066 
.0205 
.0145 
.  0555 
.2805 
.2905 
.  5135 
.5040 
.  0558 
.3422 
.  3632 
.3760 
.4445 
.3210 


Pound*. 

39,000 

45,500 

34,000 

42,048 

42, 000 

88,000 

53,000 

78,000 

114,081 

146, 676 

84,747 

30, 114 

84,747 

85,854 

89, 114 

29,335 

19.557 

17,927 

16,297 

6,519 

10,104 

9,778 

9,778 

9,778 

9,778 

6,400 

42,000 


Flattened. 

Da 

Da 

Da 

Do. 

Da 

Da 

Da 
Crashed. 

Da 

Da 

Da 

Da 

Da 

Da 

Da 

Da 

Da 

Do. 
Flattened. 

Do. 

Da 

Da 

Da 

Da 

Da 

Do. 


NOTES  ON  THE  TESTS  BY  COMPRESSION. 


The  more  ductile  alloys,  No.  1  to  No.  7  (all  copper  to  80.95  copper,  18.84 
tin),  and  No  23  (15.08  copper,  84.02  tin)  to  No.  30  (all  copper),  were  not 
crushed  or  broken  by  any  stress  which  could  be  applied  to  them,  but 
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either  bent  after  sustaining  a  certain  degree  of  compression,  or  retaining 
a  vertical  position,  increased  in  diameter  as  the  decrease  in  length  took 
place,  and  gradually  flattened.  Some  of  the  pieces  were  in  this  manner 
compressed  to  less  that  one-balf  of  their  original  lengths,  the  resistance 
tofurthercorapression  always  increasing.  When  the  bending  took  place, 
the  piece  under  compression  would,  in  some  cases,  take  such  a  position 
as  to  gradually  diminish  in  resistance  to  stress,  the  pressure-plates  touch- 
ing only  on  the  edges  of  the  upper  and  lower  surfaces  of  the  piece. 

The  actual "  crushing  strengths  "  of  the  ductile  metals,  therefore,  can- 
not be  stated ;  but  for  purposes  of  comparison  the  crushing  strength  is 
assumed  to  be  that  which  corresponds  to  a  compression  of  one-tenth  of 
the  original  length.  In  the  above  table,  therefore,  the  figures  in  the  col- 
umn headed  "  crushing  strength  "  represent,  in  the  cases  of  ductile  metals, 
the  loads  per  square  inch  necessary  to  produce  compressions  of  10  per 
cent,  of  the  original  lengths. 

All  the  brittle  alloys,  and  some  of  those  possessing  certain  limited 
amounts  of  ductility,  No.  8  (76.64  copper,  23.24  tin)  to  No.  18  (38.37  cop- 
per, 61.32  tin)  inclusive,  broke  suddenly  when  their  maximum  resist- 
ances were  reached,  and  the  figures  for  their  crushing  strengths  are, 
therefore,  the  actual  values.  In  these,  the  figures  for  "  total  compression 
produced  by  niaximuin  load  "  are  the  calculated  compressions  at  the  in- 
stants of  the  sudden  breaking.  In  the  cases  of  the  others,  the  figures  in 
the  same  columns  are  the  total  compressions  which  were  actually  given 
to  the  pieces  without  breaking  them,  and  include  the  shortening  of  the 
piece  by  bending,  but  are  not  the  total  amounts  of  compression  which 
might  have  been  produced  if  the  test  had  been  continued  further. 

The  loads  per  square  inch,  producing  compressions  of  5  per  cent,  and 
20  per  cent.,  are  also  given  in  the  table  for  purposes  of  comparison. 

By  inspection  of  the  table  and  the  curves  (Plates  IV,  VII),  and  compar- 
ing the  results  with  those  of  the  transverse,  tensile,  and  torsional  stresses, 
some  important  facts  are  observed.  Assuming,  as  already  stated,  that 
the  crushing  strength  of  a  ductile  metal  is  the  load  necessary  to  produce 
a  compression  of  one- tenth  of  the  original  length,  and  that  of  a  brittle 
metal  is  the  load  actually  causing  fracture,  it  is  seen  that  the  maximum  and 
minimum  compressive  strengths  are  not  found  in  the  compositions  which 
exhibited  maximum  and  minimum  strengths  by  the  other  three  methods 
of  tests.  It  has  already  been  observed  that  the  relative  strengths  of  the 
various  alloys,  as  shown  by  the  other  three  methods  of  tests,  are  similar. 
This  is  not  the  case  with  the  compressive  tests. 

The  maximum  crushing  strength  is  given  by  No.  9  (69.84  copper, 
29.89  tin),  which  gave  results  much  nearer  the  minimum  under  the  other 
forms  of  test.  The  minimum  crushing  strength  is  found  in  tin,  which 
was  superiorto  several  of  the  brittle  alloys  in  other  methods  of  tests,  and 
which  alloys  greatly  surpassed  it  in  tests  by  compression.  It  appears 
that  the  resistance  to  compression  has  an  entirely  different  nature  from 
resistance  to  tension,  and  that  the  tin  qualities  have  no  apparent  rela- 
tion to  each  other. 

The  compression  pieces,  No.  1  (ail  copper)  to  No.  5  (90.27  copper,  9.58 
tin),  and  No.  30  (all  copper),  give  results  very  nearly  alike,  varying  from 
34,000  to  42,000  pounds  per  square  inch  to  produce  a  compression  of 
one-tenth  of  the  original  length.  From  No.  6  (87.15  copper,  18.84  tin) 
to  No.  9  (69.84  copper,  29.89  tin)  there  is  a  rapid  increase  up  to  146,676 
pounds  per  square  inch.  From  this  point  a  decrease  takes  place  to  No. 
29  (all  tin).  This  decrease  is  somewhat  irregular,  No.  11  f  65.34  copper, 
34.47  tin)  and  No.  15  (47.61  copper,  52.14  tin)  giving  a  crushing  strength 
of  84,747,  and  No.  12  (62.31  copper,  37.35  tin)  only  39,114  pounds.    It 
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would  be  necessary  to  make  a  greater  number  of  tests  before  attempting 
to  explain  this  irregularity,  but  it  does  not  seem  improbable  that  it  may 
be  a  peculiarity  of  these  compositions,  since  No.  12  was  very  different  iD 
color  from  both  No.  11  and  No.  15,  and  had  the  highest  density  of  the 
series,  a  density  much  higher  than  that  of  No.  15.  It  may  be  that  an 
alloy  of  nearly  the  composition  of  No.  12  represents  a  second  minimum 
point  of  compressive  strength  in  the  curve,  and  an  alloy  near  No.  15  may 
give  a  second  maximum  point,  as  No.  21  (23.35  copper,  76.29  tin)  gave  a 
second  maximum  by  the  other  tests  and  No.  29  (all  tin)  a  second  min- 
imum. It  will  require  further  tests,  however,  to  settle  this  point 
definitely. 

The  following  phenomena  were  observed  in  connection  with  these 
tests  in  addition  to  those  noted  in  the  tables.  The  behavior  of  the  test- 
pieces  is  clearly  shown  in  the  plotted  curves,  Plate  XX. 

No.  1  (all  copper). — This  piece  had  a  few  small  blow-holes  on  the  turned 
surface,  but  appeared  to  be  sounder  than  most  of  the  bar  from  which  it 
was  taken.  It  was  noticed  to  have  taken  a  scarcely  perceptible  bend 
when  a  stress  of  29,000  pounds  per  square  inch  was  reached  after  a  com- 
pression of  6.4  per  cent.  As  the  stress  increased  the  bending  became 
more  readily  observable,  and  when  the  piece  was  removed,  after  a  com- 
pression of  44.8  per  cent.,  it  was  very  considerable.  The  piece  had  then 
become  much  distorted,  the  bend  taking  a  special  direction,  and  the 
diameter  had  increased  to  about  0.77  inch,  varying  slightly  in  different 
portions  of  the  length.  The  amount  of  compression  began  to  vary  more 
rapidly  than  the  stress,  after  a  stress  of  13,000  pounds  per  square  inch 
had  been  applied,  showing  apparently  an  elastic  liitiit.  It  is  probable, 
however,  that  this  poiut  does  not  truly  represent  the  limit  of  elasticity, 
but  was  the  point  at  which  the  bending  commenced,  although  its  effect 
was  not  perceptible  till  a  much  higher  stress  had  been  applied,  and  that, 
beyond  this  point,  the  figures  under  the  column  headed  "  compression  n 
really  represent  a  shortening  of  the  vertical  distance  between  the  ends 
of  the  specimen  by  the  combined  action  of  bending  and  compressive 
stresses. 

No.  1  D  (cast  copper). — A  second  specimen,  taken  from  the  D  end  of 
the  bar,  was  subsequently  tested  in  the  compression  testing  machine. 
The  results  as  plotted  show  a  curve  similar  to  that  of  the  one  just  noted, 
but  the  resistances  to  compression  are  uniformly  higher.  The  maximum 
compression  obtained  was  0.8678  inch  under  a  pressure  of  78,228  pounds 
per  square  inch.  A  pressure  of  81,487  pounds  per  square  inch  was  next 
applied,  which  broke  the  specimen  into  three  parts.  Wedge-shaped 
pieces,  with  bases  the  full  diameter  of  the  test  piece,  separated  at  top  and 
bottom,  the  planes  of  separation  inclining  and  meeting  at  the  middle  of 
one  side.    The  three  pieces  remained  welded  together  by  the  pressure. 

No.  2  (97.83  copper,  1.92  tin). — The  amount  of  compression  was  nearly 
proportional  to  the  stress  up  to  about  25,000  pounds  per  square  inch. 
At  29,000  pounds  per  square  inch  the  bending  of  the  piece  became  per- 
ceptible, and  at  that  point  a  continuance  of  the  stress  for  about  one 
minute  produced  an  evident  increase  of  the  compression.  From  29,000 
to  46,000  pounds  the  compression  again  varied  nearly  as  the  stress,  but 
the  ratio  of  compression  to  stress  was  much  greater  than  in  the  begin- 
ning of  the  test.  At  46,000  pounds  the  piece  had  a  marked  double  curva- 
ture in  one  plane,  and  appeared  to  slide  on  the  pressure-plates,  so 
that  the  pressure  was  applied  only  on  opposite  edges  of  the  upper  and 
lower  surfaces  of  the  specimen  instead  of  evenly  over  the  whole  surface. 
After  this  point  the  resistance  rapidly  decreased,  not  from  any  giving 
way  of  any  fibers  of  the  material,  but  from  the  specimen  taking  a  posi- 
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tion  which  was  unfavorable  to  resistance  to  stress,  and  bending  then 
took  place  rapidly  without  any  further  compression.  The  resistance  fell 
to  6,000  pounds  per  square  inch,  when  the  piece  finally  only  touched 
the  pressure  plates  with  the  edges  of  its  upper  and  lower  surfaces. 
The  diameter  of  the  specimen  when  removed  had  increased  to  0.71  inch. 

In  the  plotted  table  of  curves  (Plate  XX)  the  curve  of  this  specimen 
is  seen  to  attain  its  maximum  ordinate  at  46,000  pounds  per  square  inch, 
and  after  that  point  to  rapidly  approach  the  axis  of  abscissas.  It  is  to 
be  noted  in  all  these  tables  and  curves  which  show  a  decrease  of  resist* 
ance  after  reaching  a  maximum  that  this  decrease  is  due  to  the  bending 
of  the  specimen  and  not  to  decrease  of  power  to  resist  actual  compression. 

So.  3  (95.96  copper,  3.80  tin). — The  action  of  this  piece  under  test  was 
similar  to  that  of  No.  2.  The  compression  was  proportional  to  the  stress 
up  to  32,000  pounds  per  square  inch.  Bending  first  became  perceptible 
at  40,000  pounds,  and  soon  afterwards  a  decrease  of  resistance  took 
place.  The  piece  then  seemed,  for  a  short  time,  to  attain  a  position  in 
which  it  could  offer  greater  resistance  to  increased  stress,  and  the 
maximum  was  reached  at  52,000  pounds.  The  resistance  then  decreased 
rapidly  till  the  piece  was  removed.  Its  axis  became  a  line  of  double 
curvature  like  that  of  No.  2,  and  the  piece  finally  touched  the  pressure- 
plates  only  with  the  edges  of  its  upper  and  lower  surfaces.  When  re- 
moved the  diameter  was  fouud  to  have  increased  to  0.68  inch. 

No.  4  (92.07  copper,  7.76  tin). — This  piece  bent  under  stress  with  a 
double  curve  similar  to  that  of  No.  3.  The  apparent  elastic  limit  was 
reached  at  26,000  pounds,  and  bending  was  first  observed  at  29,000 
pounds ;  the  maximum  resistance  was  reached  at  84,000  pounds,  after 
which  it  rapidly  decreased  by  reason  of  the  bending.  When  removed, 
the  diameter  was  found  to  be  increased  to  0.73  inch. 

No.  5  (90.43  copper,  9.50  tin). — The  compression  was  proportional  to 
the  stresses  only  to  20,000  pounds  per  square  inch,  but  bending  was 
not  observed  until  32,000  pounds  had  been  reached.  The  bending  took 
l>lace  in  one  plane,  giving  a  double  curvature,  and  increased  rapidly, 
so  that  the  maximum  resistance  was  reached  at  61,930  pounds  per 
square  inch.  The  resistance  then  decreased  rapidly  to  13,000  pounds, 
when  the  piece  had  taken  such  a  position  that  it  ceased  to  resist  further 
compression,  and  slipi>ed  out  from  between  the  plates.  The  diameter 
was  found  to  have  increased  to  0.69  inch. 

No.  6  (87.15  copper,  12.77  tin). — This  piece  was  taken  from  the  bottom 
of  the  bar,  where  the  metal  was  found  by  the  torsion  tests  to  be  the  most 
homogeneous.  The  piece  bent  in  the  same  manner  as  those  described 
above,  but  in  addition  to  the  bending,  the  surface  of  the  piece  became 
curiously  distorted,  as  if  small  patches  of  the  surface  were  softer  than 
other  portions,  and  these  resisted  compression  less  than  the  harder  por- 
tions. The  compression  was  proportional  to  the  stress  to  about  30,000 
pounds  per  square  inch.  Bending  was  first  observed  at  35,000  pounds, 
after  which  the  further  compressions  were  again  proportional  to  the 
stresses,  the  ratio  of  compression  to  stress  being  greater  than  in  the  first 
part  of  the  test.  The  maximum  resistance  was  reached  at  89,000  pounds 
per  square  inch,  after  which  the  resistance  decreased,  by  reason  of  the 
bending,  to  32,000  pounds,  when  the  piece  slipped  out  from  between 
the  pressure-plates.  The  diameter  was  increased  to  0.70  and  0.73  inch 
as  measured  in  different  portions  of  the  length. 

No.  7  (80.99  copper,  18.92  tin). — The  compression  remained  nearly 
proportional  to  the  stress  up  to  about  60,000  pounds  per  square  inch. 
A  very  slight  bending  was  observed  at  about  67,000  pounds,  the  piece 
taking  a  double  curve  in  one  plane.    The  maximum  resistance  was 
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1  reached  at  103,500  pounds  per  square  inch,  after  which  it  decreased  to 

•  91,000  pounds.    A  crack  then  appeared  on  each  of  the  two  convex  sur- 

r  faces  of  the  doable  carve,  and  the  piece  slipped  out  from  between  the 

pressure-plates,  at  the  same  time  crushing  off  small  pieces  of  the  metal 

Iat  the  edges  of  the  upper  and  lower  surfaces,  which  last  touched  tbe 
pressure-plates.    The  diameter  was  increased  to  0.07  inch. 
*      No.  8  (76  60  copper,  23.23  tin). — The  compression  was  proportional  to 
;  the  stress  to  about  91,000  pounds  per  square  inch,  after  which  the  ratio 

I  of  the  former  to  the  latter  slightly  increased.    A  very  slight  bend  was 

i  observed  at  107,000  pounds.    The  maximum  pressure  was  reached  at 

!  114,000  pounds,  when  the  piece  suddenly  broke  diagonally  across  the 

middle,  after  a  total  compression  of  9.05  per  cent.  In  breaking,  the 
diagonal  surfaces  slipped  on  one  another  in  such  a  manner  that  they 
became  polished.    The  diameter  was  uniformly  increased  to  0.64  inch. 

No.  9  (69.90  copper,  29.85  tin). — This  piece  proved  to  be  the  strongest 
of  the  series,  a  stress  of  146,676  pounds  per  square  inch  being  required 
to  produce  rupture.    The  compression  remained  nearly  proportional  to 
1  the  stress  throughout  the  whole  test.    There  was  no  appearance  of 

bending,  and  the  fracture  took  place  without  any  warning  whatever. 
The  piece  suddenly  broke  into  an  immense  number  of  small  pieces,  the 
largest  of  which  was  not  larger  than  a  pea.  A  report  like  a  pistol-shot 
was  made  as  the  piece  broke.  The  record  of  the  test  shows  a  calculated 
compression  of  3.50  per  cent.  From  the  nature  of  the  material  it  seems 
possible  that  this  figure  may  be  too  high. 

No.  11  (65.31  copper,  34.47  tin). — The  compressions  were  nearly  pro- 
portional to  the  stresses  throughout  the  test.  The  piece  broke  sud- 
denly at  84,747  pounds  per  square  inch,  the  upper  portion  of  the  piece 
flying  into  fragments. 

No.  12  (61.83  copper,  37.74  tin). — This  piece  broke  nearly  in  the  same 
manner  as  No.  11,  but  sustained  less  than  one-half  the  amount  ot  stress— 
39,000  pounds. 

Nos.  10,  13,  and  14  were  not  tested,  as  they  broke  in  the  lathe  while 
being  turned. 

No.  15  (47.72  copper,  51.99  tin). — This  piece  gave  the  same  result  as 
No.  11,  breaking  at  84,747  pounds  per  square  inch.  It  broke  suddenly 
into  several  large  fragments. 

No.  16  (44.62  copper,  55.15  tin). — This  piece  sustained  a  stress  of  only 
35,854  pounds  per  square  inch.  The  fracture  took  place  suddenly,  and 
it  appeared  as  if  in  the  upper  end  of  the  specimen  a  cone-shaped  wedge 
was  formed,  which  split  open  the  metal  on  all  sides,  and  produced  a  ver- 
tical crack  through  the  center  of  the  piece,  reaching  to  the  bottom. 

No.  17  (38.83  copper,  60.79  tin). — Two  pieces  were  tested  from  this 
bar,  which  gave  similar  results,  breaking  at  39,000  pounds  per  square 
inch.    The  fractures  were  of  the  same  character  as  that  of  No.  16. 

No.  18  (38.37  copper,  61.32  tin). — This  specimen  proved  to  be  much 
weaker  than  any  previously  tested,  breaking  at  29,000  pounds  per 
square  inch.  It  broke  by  wedge-shaped  fragments  flying  off  the  upi>er 
end.  The  compression  was  proportional  to  the  stress  up  to  the  break- 
ing point. 

No.  19  (34.22  copper,  65.80  tin). — This  piece  was  even  weaker  than 
No.  18.  It  reached  a  maximum  resistance  at  19,500  pounds  per  square 
inch  after  a  compression  of  1.20  per  cent.,  the  compression  being  propor- 
tional to  the  stress  at  this  point.  The  resistance  to  stress  then  de- 
creased rapidly,  the  piece  bulging  out  on  all  sides  about  a  diagonal 
plane  of  fracture  near  the  middle.  Several  cracks  soon  appeared  around 
the  point  of  bulging,  and  the  resistance  decreased  to  8,800  pounds  per 


TESTS  OP  METALS.  319 

square  inch,  when  the  piece  was  removed.  The  total  compression  was 
5.55  per  cent.  The  diameters  of  the  ends  of  the  specimens,  which  were 
apparently  not  affected  by  the  bulging  in  the  middle  of  the  piece,  had 
increased  to  0.630  inch. 

No.  20  (25.12  copper,  74.51  tin). — This  piece  reached  a  maximum  re- 
sistance at  17,900  pounds  per  square  inch,  the  compression  being  nearly 
proportional  to  the  stress,  after  which  it  rapidly  decreased  to  2,900 
pounds.  During  this  decrease  a  remarkable  phenomenon  was  observed. 
A  diagonal  crack  appeared  at  the  top  of  the  specimen,  reachingfrom  one 
edge  of  the  upper  surface  to  a  point  on  the  cylindrical  surface  opposite 
to  this  edge,  and  about  $  inch  from  the  top.  The  wedge-shaped  piece 
thus  fractured  from  the  specimen  was  gradually  forced  along  the  line 
of  fracture  till  it  was  nearly  pushed  off  on  one  side,  but  still  remained 
attached,  as  if  by  "cold  welding."  When  this  partly  separated  piece 
first  started  off  from  the  remainder  of  the  specimen,  the  larger  part  of 
the  stress  appeared  to  be  resisted  by  only  a  small  portion  of  the  upper 
surface,  and  the  resistance  consequently  decreased  to  2,900  pounds  per 
square  inch.  This  portion  of  the  upper  surface  was  then  gradually 
flattened,  and  so  apparently  better  fitted  to  resist  a  farther  amount  of 
compression.  As  the  compression  increased  from  6.80  to  25.60  per  cent, 
the  resistance  again  increased  from  2,900  to  10,267  pounds.  By  this 
time  a  second  but  much  smaller  wedge  had  been  forced  off  on  the  side 
opposite  the  larger  one,  and  the  action  above  described  was  "repeated. 
A  large  number  of  still  smaller  wedge-shaped  pieces  were  then  partially 
detached  and  surrounded  the  whole  of  the  upper  end 
of  the  specimen.  Afterreaching  the  second  maximum, 
10,267  pounds,  the  resistance  began  to  decrease  again, 
but  the  specimen  was  removed  after  a  compression  of 
28.05  per  cent,  with  the  first  wedge-shaped  piece  still 
attached  to  its  upper  end.  The  diameter  of  the  lower 
portion  of  the  specimen  had  increased  only  to  0.629 
inch  when  it  was  removed.  Fig.  11  shows  the  appear- 
ance of  this  specimen  after  its  removal.  Fig.  n. 

No.  22  (20.21  copper,  79.62  tin). — The  compression  continued  nearly 
proportional  to  the  stress  to  about  12,000  pounds  per  square  inch.  At 
about  16,000  pounds  a  bend  in  the  specimen  was  observed,  and  at  the 
same  time  the  resistance  to  stress  decreased,  as  further  compression 
took  place,  to  7,000  pounds.  The  resistance  afterward  increased  to 
10,400  pounds  per  square  inch,  by  reason,  probably,  of  the  piece  taking 
a  more  favorable  position  to  resist  bending,  and  then  it  again  decreased' 
to  1,300  pounds,  when  the  piece  had  bent  so  much  that  it  slipped  out 
from  between  the  pressure-plates.  The  bend  took  the  shape  of  a  double 
curve  in  one  plane,  and  a  crack  appeared  on  each  of  the  two  convex  sur- 
faces of  the  curve  in  like  manner  as  in  No.  7.  The  diameter  of  the 
piece  was  increased  to  0.65  inch. 

No.  23  (15.12  copper,  84.58  tin). — This  piece  behaved  in  a  manner 
somewhat  similar  to  No.  20.  The  compression  continued  nearly  propor- 
tional to  the  stress  till  6,500  pounds  was  reached.  The  resistance  then 
decreased  to  4,563  pounds.  At  the  same  time  a  slight  bulging  took 
place  about  half  an  inch  from  the  bottom.  The  bulging  increased,  and 
the  upper  portion%of  the  piece  apparently  crushed  out  the  lower  portion, 
which  latter  still  remained  attached  to  the  specimen,  as  did  the  wedge- 
shaped  pieces  in  No.  20.  As  the  compression  proceeded  the  portion  of 
the  piece  above  the  bulging  appeared  to  obtain  a  better  bearing,  and 
after  the  resistance  had  decreased  from  6,519  to  4?563  pounds,  it  again 
increased  gradually  to  9,452  pounds,  the  piece  being  then  compressed 


320  TESTS   OF  METALS. 

more  than  one  half  of  its  original  length.  The  shortening  of  the  piece 
took  place  almost  entirely  by  crushing  out  portions  at  the  lower  end, 
and  these  portions  remained  attached  to  the  piece,  by  what  has  been 
termed  a  sort  of  u  cold- welding,"  till  they  were  separated  by  other  pieces 
crowding  them  off.  The  diameter  of  the  upper  end  of  the  specimen  was 
increased  only  to  0.645  inch  (original  diameter  0.625  inch). 

No.  24  (11.48  copper,  88.30  tin). — This  piece  attained  a  resistance  of 
10,104  pounds  per  square  inch  with  a  compression  of  6.94  per  cent, 
when  a  slight  double  curve  was  observed  and  the  resistance  decreased 
very  slightly.  As  the  compression  was  continued,  the  diameter  of  the 
piece  gradually  increased  throughout  the  whole  length,  and  the  resist- 
ance increased  to  14,000  pounds  per  square  inch,  when  the  piece  had 
been  compressed  more  than  one-half  of  its  original  length.  There  were 
no  signs  of 'any  fracture,  and  the  piece  merely  flattened  out,  offering 
continually  greater  resistance.  The  compression  could  probably  have 
been  continued  till  the  piece  flattened  out  to  a  thin  sheet,  if  the  limits 
of  the  machine  had  allowed.  When  removed,  the  piece  was  somewhat 
irregular  in  shape,  the  diameters  varying  from  0.85  to  0.88  inch. 

No.  25  (8.57  copper,  91.39  tin). — A  pressure  of  65.9  pounds  per  square 
inch  compressed  the  specimen  0.1117  inch.  The  load  was  increased  to 
9,778  pound 8  per  square  inch,  the  effect  of  which  was  to  crack  the  speci- 
men at  top  and  bottom,  forming  wedge-shaped  pieces,  which,  however, 
did  not  become  separated  from  the  mass.  The  height  of  the  specimen 
when  removed  from  the  machine  was  1.06  inches.  The  section  was  very 
irregular,  somewhat  elliptical  in  form,  and  varying  in  diameter  from 
0.84  to  0.95  inch. 

No.  26  (3.72  copper,  96.31  tin)  yielded  gradually  to  the  applied  stress. 
At  a  pressure  of  6,519  pounds  per  square  inch  the  compression  was 
0.6845  inch;  the  pressure  was  increased  to  9,778  pounds  per  square 
inch  and  the  piece  was  then  removed.  Its  height  had  been  diminished 
to  1.01  inches.  Its  diameter  varied  from  0.84  to  0.89  inch.  The  shape 
of  thespecimen  when  removed  from  the  machine  was  oval.  The  wrinkled 
appearance  of  the  sides  extending  throughout  the  height  of  the  test- 
piece  was  an  evidence  of  the  homogeneousness  of  the  alloy.  The  piece 
was  considerably  bent ;  the  directions  of  the  markings  or  lines  showed 
a  tendency  to  a  wedge-shaped  separation  at  the  top  and  bottom.  The 
ductility  of  the  piece,  however,  was  too  great  to  permit  fracture  even 
under  such  an  amount  of  compression. 

No.  27  (0.74  copper,  99.02  tin)  offered  a  somewhat  less  resistance  to 
compression  than  No.  26.  A  pressure  of  6,519  pounds  per  square  inch 
compressed  the  piece  0.7264  inch.  The  pressure  was  increased  to  9,778 
pounds  per  square  inch,  and  the  piece  then  removed.  Its  height  was 
reduced  to  0.95  inch,  and  its  section,  which  was  elliptical  though  irreg- 
ular, varied  from  0.84  to  0.95  inch.  The  appearance  of  the  piece  was 
dissimilar  to  both  Nos.  26  and  28,  the  sides  being  quite  smooth  instead 
of  being  wrinkled  all  over  its  surface,  as  was  the  case  with  the  other  two. 

No.  -'8  (0.32  copper,  99.46  tin)  resembled  No.  26  very  closely  in  behavior 
and  appearance.  The  surface,  was  more  uniformly  wrinkled,  showing 
greater  uniformity  of  resistance  to  the  applied  stress.  No  crack  ap- 
peared. The  compression  under  a  pressure  of  6,519  pounds  per  square 
inch  was  0.752  inch.  Under  a  pressure  of  9,778  pounds  per  square  inch 
the  height  of  the  piece  was  reduced  to  0.98  inch.  Its  Section  was  slightly 
oval,  with  diameters  averaging  from  0.87  to  0.89  inch. 

No.  29  (all  tin)  behaved  in  all  respects  like  No.  24,  showing  a  grad- 
ually increasing  resistance  until  the  piece  was  removed  with  a  compres- 
sion of  nearly  one-half  its  original  length.    The  maximum  resistance, 
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however,  was  much  less  than  that  of  ETo.  24,  being  only  7,497  pounds 
per  square  inch.  The  diameters  of  the  piece  after  removal  varied  from 
0.85  to  0.89  inch,  and  had  a  nearly  elliptical  section.     - 

No.  30  (all  copper). — The  compression  continued  nearly  proportional 
to  the  stress  up  to  about  25,000  pounds  per  square  inch.  A  very  slight 
bend  in  a  double  curve  was  then  observed.  The  resistance  increased  to 
71,709  pounds  per  square  inch  at  a  compression  of  32.1  per  cent.,  when 
the  piece  was  removed,  its  diameters  having  increased  to  0.75  and  0.78 
inch  as  measured  in  various  parts  of  its  length.  The  bend  in  the  piece 
was  but  slight,  and  it  would  apparently  have  offered  increased  resistance 
to  further  compression  indefinitely. 

SECOND  SBEIES. 

ALLOYS  OF  COPPER  AND  TIN. 

The  second  series  of  copper  and  tin  alloys  consisted  of  twenty  bars 
cast  in  the  same  manner  as  those  of  the  preceding  series.  The  mixtures 
were  made  without  reference  to  the  chemical  equivalents  or  the  atomic 
weights  of  the  metals,  but  were  weighed  in  even  percentages,  there 
being  a  constant  difference  of  5  per  cent,  between  any  two  adjoiniug 
bars  in  the  series.  The  first  bar  contained  in  the  original  mixture  97.5 
per  cent,  copper  and  2.5  per  cent,  tin;  the  second,  92.5  copper  and  7.5 
tin,  and  so  on  to  the  twentieth  bar,  which  contained  2.5  per  cent,  cop- 
per and  97.5  per  cent.  tin.  The  bars  were  numbered  in  regular  order 
irom  No.  31  to  No.  50. 

The  following  table  shows  the  percentage  composition  of  the  original 
mixture  of  each  bar,  its  mean  composition  as  subsequently  determined 
by  analysis  of  turnings  from  different  portions  of  the  bar,  and  its  mean 
specific  gravity: 

Table  VI.— Second  Series— Alloys  of  Copper  and  Tin. 
Composition  by  Original  Mixture  and  Analysis, 


Number. 

Composition  of  original 
mixture. 

Mean  composition  by 
analysis. 

Mean 

specific 

Copper. 

Tin, 

Copper. 

Tin. 

gravity. 

31 

97.5 
92.5. 
87.5 
82.5 
77.5 
72.5 
67.5 
62.5 
57.5 
52.5 
47.6 
42.5 
37.5 
82.6 
27.5 
22.5 
17.5 
12.5 
7.5 
2.5 

2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 

99.09 
94.10 
88.40 
82.72 
77.56 
72.89 
67.87 
62.42 
57.87 
53.46 
47.27 
43.99 
37.10 
30.76 
26  62 
22.10 
10.70 
11.68 
6.05 
2.11 

0.87 
6.43 
11.59 
17.33 
22.25 
26.85 
32.09 
37.48 
42.06 
46.54 
62.72 
55.91 
62.90 
69.19 
73.18 
77.58 
83.23 
88.25 
93.77 
97.68 

32 

8.684 

33 

8.647 

34 

8.792 

35 

a  917 

33* 

a  925 

37 

8.907 

38 

8  956 

39 

8.781 

40 

8.643 

41 

8.445 

42 

8.437 

43 

8.101 

44 

7.391 

45 

7.915 

40 

7.774 

47 

7.690 

48 

7.542 

49 

7.419 

50 -» 

7.342 

*  Seoond  casting ;  first  broke  in  emery  planer. 

The  mixtures  for  these  alloys  were  carefully  weighed  on  the  balance 
used  in  weighing  out  the  first  series,  and  the  melting  and  casting  were 
conducted  in  the  same  manner.    The  cast-iron  mold  was  used  tor  all 
21  T  M 
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the  bars,  placed  in  a  vertical  position,  and  was  heated  to  prevent  sudden 
chilling  of  the  molten  metal  while  being  poured.  The  mold  was  heated 
to  nearly  red  heat  in  casting  the  alloys  containing  the  larger  percentages 
of  copper,  and  the  temperature  was  diminished  as  the  percentage  of  tin 
increased. 

Much  less  difficulty  was  experienced  in  getting  good  castings  at  the 
first  melting  than  in  the  first  series.  Bars  No.  32  (94.10  copper,  5.43  tin) 
and  No.  37  (67.87  copper,  32.09  tin)  only  requiring  to  be  melted  three 
times,  and  all  the  others  only  once.  Bars  No.  38  (62.42  copper,  37.48  tin) 
to  No.  42  (43.99  copper,  55.91  tin)  inclusive,  however,  broke  either  in  the 
mold  while  cooling,  or  on  being  taken  from  it,  or  in  subsequent  hand- 
ling. In  these  cases  tests  were  made  of  the  broken  pieces  without  re- 
melting.  The  difficulty  with  No.  32  and  No.  37  appeared  to  be  caused 
by  pouring  the  metal  in  the  first  meltings  at  too  low  a  temperature. 

In  casting  bars  No.  37  (67.87  copper,  32.09  tin)  and  No.  39  (57.87  cop- 
per, 42.05  tin)  a  curious  phenomenon  was  observed.  After  filling  the 
mold  with  the  molten  metal  a  small  amount  was  still  left  in  the  bottom 
of  the  crucible.  This  was  poured  out  on  the  brick  floor  of  the  foundry 
and  left  to  cool.  While  cooling,  the  surface  of  the  metal  became  cov- 
ered with  an  aggregation  of  grayish-colored  needle  like  crystals,  which 
appeared  to  grow  out  of  the  metal  and  cover  it  in  some  places  nearly  to 
the  depth  of  one-fourth  of  an  inch.  The  crystals  were  removed  from  the 
metal  and  handed  to  Prof.  A.  E.  Leeds,  of  the  Stevens  Institute  of  Tech- 
nology, for  examination,  who  made  a  report  in  which  he  calls  the  sub- 
stance an  artificial  mineral.    He  says  concerning  it: 

The  crystals  are  needles,  not  exceeding  i  inch  in  length  and  rhs  inch  in  thickness. 
Luster  adamantine  and  of  great  brilliancy.  Color,  white  and  transparent.  It 
scratched  glass,  its  hardness  being  over  6.  The  specific  gravity  at  62°  Fahr.,  by  the 
bottle,  is  6.019.  It  will  be  noted  that  this  is  lower  than  the  specific  gravity  of  nat- 
ural cassiterites  which  is  from  6.4  to  7.1.  It  glows  brilliantly  in  the  oxidizing  flame, 
but  gives  no  evidence  of  fusion  at  the  terminations  of  the  crystal.  It  tinges  the  flame 
green.  With  soda  it  gives  a  white  coating  of  oxide  of  tin.  Crystals  apparently  not 
affected  by  several  hours'  digestion  in  hydrochloric  and  nitric  acids. 

In  chemical  constitution  it  is  a  stannic  oxide,  containing  a  small  amount  of  oxide  of 
copper.  The  miueral  is  therefore  an  artificial  variety  of  crystallized  stannic  oxide  or 
cassiterite. 

As  the  temperature  of  the  metal  while  being  poured  is  supposed  to 
have  some  influence  upon  its  properties,  an  attempt  was  made  to  obtain 
the  temperatures  of  casting  with  this  series  of  alloys  by  pouring  a  small 
portion  of  the  molten  metal,  just  before  pouring  the  remainder  into  the 
mold,  into  a  certain  weight  of  water  contained  in  a  wooden  vessel  and 
noting  the  increase  of  temperature  of  the  water  caused  by  the  hot  metal, 
and  also  the  weight  of  the  metal  poured.  This  method  is  the  same  as 
that  employed  by  Messrs.  Levi  and  Kuuzel  in  their  experiments  on  phos- 
phor-bronze.* • 

The  data  obtained  are  the  weight  of  the  water  used,  its  temperatures 
before  and  after  pouring  the  metal  into  it,  and  the  weight  of  the  metal. 
The  relative  temperature  is  then  found  from  the  formula 

in  which  Pl  is  the  weight  of  the  water,  P,  the  weight  of  metal  poured, 
*  the  temperature  of  the  water  before  and  t1  the  temperature  after  pour- 
ing, and  c  the  specific  heat  of  the  alloy. 
The  specific  heat  of  the  alloy  is  assumed  to  be  the  mean  of  the  specific 

'CompUta  Rendu,  Vol.  73,  1871,  pp.  530-534*  "~ 
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heats  of  the  component  metals,  and  for  these  the  figures  of  Regnault 
are  used,  viz,  copper  0.09515,  tin  0.05623, 

This  formula  will  not  give  the  actual  temperature  of  casting,  since  it 
neglects  the  fact  that  the  specific  heat  of  a  melted  metal  may  not  be  the 
same  as  that  of  the  solid  metal,  and  since  also  it  neglects  the  latent  heat 
of  fusion  of  the  melted  metal,  the  amount  of  which  is,  as  yet,  unknown. 
The  results,  however,  will  approximately  and  relatively  represent  the 
temperatures,  and  as  the  data  are  all  given  below,  the  actual  tempera- 
tures may  be  calculated  whenever  the  specific  heats  of  the  molten  alloys 
and  their  latent  heats  of  fusion  shall  have  been  determined.  The 
amount  of  heat  transferred  to  the  wooden  vessel  which  contained  the 
water,  was  not  determined,  bat  the  loss  is  probably  so  slight  that  it  may 
be  neglected  without  material  influence  upon  the  result  The  following 
table  gives  the  data  which  were  obtained  in  these  experiments,  and  the 
temperatures  calculated  from  them: 

Table  VII.— Second  series— Alloys  of  Coppeb  and  Tin. 
Estimated  temperatures  of  Casting. 


Composition  by 

fe 

1 

Temperatures  of  water, 

| 

Calculated  relative 

original  mixtures. 

1 

centigrade  scale. 

i 

temperature. 

Number. 

\ 

4 

f 

i 

1 

1 

il 

I3 

ft 

Gram. 

Oram, 

81 

97.5 

2.5 

907 

74 

8.8 

22.8 

14.5 

0.094177 

1909.9 

8469.8 

82 

92.5 

7.5 

907 

101 

12.8 

31.7 

18.9 

0. 092231 

1871.9 
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The  temperatures  of  casting  of  bars  No.  32  and  No.  37  given  above, 
are  those  of  the  third  casting,  those  of  the  first  and  second  meltings 
being  of  no  value,  as  the  third  casting  only  was  used  in  the  tests. 

In  the  first  casting  of  bar  No.  32  (94.10  copper,  5.43  tin),  while  pour- 
ing of  the  metal  into  the  water  for  the  temperature  test,  an  explosion 
took  place  which  broke  the  wooden  vessel  which  held  the  water,  and 
threw  water  and  metal  about  with  great  violence.  It  appears  probable 
that  the  metal  was  heated  to  an  unusually  high  temperature,  as  in  pour- 
ing other  metals  when  at  a  dazzling  white  heat  explosions  sometimes 
took  place,  but  they  were  usually  not  violent  enough  to  do  more  than 
make  a  slight  report  as  the  hot  metal  touched  the  water. 

After  the  bars  were  cast  they  were  finished  to  a  rectangular  section  by 
grinding  on  an  emery-wheel  planing-machine.  The  brittle  alloys  gave 
a  great  deal  of  trouble  by  breaking  at  the  ends,  and  some  of  them  in 
the  middle,  while  being  ground. 
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Bar  No.  37  (68.87  copper,  32.09  tin)  showed  a  most  remarkable  degree 
of  brittleness.  When  cast  it  appeared  perfectly  sound,  and  was  taken 
out  of  the  mold  and  laid  upon  the  table  while  still  hot.  While  cooling,  a 
chip  of  about  half  an  inch  long  flew  oft*  from  each  of  two  of  the  bottom 
corners  of  the  bars.  The  fracture  had  a  curved  surface,  and  left  the 
bottom  corners  rounded.  The  next  day  an  attempt  was  made  to  grind 
the  top  of  the  bar  on  an  emery  wheel.  Chips  of  similar  curved  form 
instantly  flew  off  from  the  corners,  and  on  continuing  to  press  the  end 
of  the  bar  against  the  side  of  the  wheel,  resting  it  at  the  same  time  on 
a  table  which  almost  touched  th«  wheel,  chips  continued  to  fly  from  the 
bar,  always  breaking  with  a  curved  or  conchoidal  fracture.  Finally 
several  chips  flew  off  at  ouce,  and  left  the  end  of  the  bar  with  a  rounded 
point,  brilliant  and  smooth,  as  if  the  metal  had  been  melted  off.  It  was 
then  attempted  to  grind  the  lower  end  on  a  grindstone,  but  the  attempt 
only  succeeded  after  several  chips  were  broken  off,  although  the  greatest 
care  was  used  in  holding  it  against  the  stone.  The  appearance  of  this 
bar  was  almost  exactly  similar  to  that  of  No.  10  (68.58  copper,  31.26 
tin)  in  the  first  series,  which  had  nearly  the  same  composition. 

Bar  No.  38  (62.42  copper,  37.48  tin)  broke  into  three  pieces  while 
being  ground,  and  the  two  fractured  surfaces  showed  that  liquation 
had  taken  place,  which  was  subsequently  confirmed  by  analysis.  The 
upper  fracture,  9  inches  from  the  top  of  the  bar  was  smooth,  conchoidal, 
and  brilliant  silver-white  in  color,  like  bar  No.  37  (67.87  copper,  32.09 
tin),  while  the  fracture  at  the  lower  part  of  the  bar,  5  inches  from  the 
bottom,  was  dark  gray,  radiated  and  crystalline,  so  different  from  the 
first  that  it  indicates  an  entirely  different  character  of  metal.  Fractures 
produced  during  the  tests  showed  that  the  change  from  one  appearance 
to  the  other  was  gradual,  and  that  there  was  apparently  a  gradual  in- 
crease in  the  percentage  of  copper  in  the  bar  from  bottom  to  top.  This 
phenomenon  resemble*  that  shown  by  bars  No.  14  (51.6i  copper,  48.09 
tin)  and  No.  17  (42.38  copper,  57.30  tin)  of  the  first  series,  both  of  which 
contained  less  copper  than  No.  38. 

No.  39  (57.87  copper,  42.05  tin)  and  No.  40  (53.46  copper,  46.54  tin) 
also  broke  in  handling,  but  did  not  exhibit  an>  appearance  of  liquation. 
The  fractures  of  No.  39  were  all  similar  to  that  of  the  lower  part  of 
No.  38. 

TESTS  BY  TRANSVERSE  STRESS. 

Second  Series. — Alloys  of  Copper  and  Tin. 

The  bars,  after  having  been  prepared  by  grinding,  were  then  tested 
by  transverse  stress. 

The  apparatus  used  was  the  testing  machine  of  the  Mechanical  Labor- 
atory of  the  Stevens  Institute  of  Technology  mentioned  on  page  291  as 
having  been  used  in  the  tests  of  bar  No.  30.  A  cut  of  this  machine  is 
shown  below. 

The  apparatus  consists  of  a  combination  platform-scale  of  4,000  pounds 
capacity,  having  a  platform  5  feet  in  length  and  3J  feet  in  width,  carry- 
ing a  heavy  cast-iron  base-plate,  C,  5  feet  long;  on  which  are  mounted 
two  heavy  standards  or  supports,  D  D,  twelve  inches  high,  which  slide 
along  in  a  groove  in  the  base-plate  C,  and  may  be  clamped  at  any  point. 
These  supports  are  level  on  their  upper  surfaces,  and  carry  two  rollers, 
upon  which  the  bar  to  be  tested  is  supported.  The  pressure  is  exerted 
by  means  of  a  hand-wheel,  K,  turniug  a  large  square- threaded  screw, 
which  works  in  a  large  nut  supported  by  two  bolts,  F  F,  which  pass 
down  to  and  are  secured  by  large  washers  and  nuts  to  a  heavy  oak  cross- 
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beam,  G,  underneath.  The  stresses  thrown  on  the  bar  by  the  hand-wheel 
and  screw  are  resisted  directly  by  the  platform  of  the  scale,  and  are  reg- 
istered on  the  scale-beam  M,  which  is  graduated  to  read  to  two  pounds, 
but  is  sensitive  to  less  than  half  a  pound.    To  insure  more  accurate 


Fig.  12.— Fairbanks'  transverse  testing-machine. 

balancing,  a  pointer  was  attached  to  the  end  of  the  scale-beam,  which 
moves  across  a  graduated  arc.  The  pointer  was  always  brought  to 
rest  at  the  middle  of  the  arc  in  taking  the  observations.  The  apparatus 
has  worked  very  satisfactorily  and  gives  results  with  much  greater  rapid- 
ity, and  with  equal,  if  not  greater,  correctness  than  the  machines  used 
in  testing  the  first  series,  in  which  weights  were  required  to  be  lifted  on 
and  off  the  bar  whenever  a  set  was  observed. 

In  testing  ductile  metals  with  this  machine,  it  will  be  noticed  that  re- 
sults are  obtained  very  different  from  those  with  dead  loads  when  the 
bar  is  allowed  to  rest  under  stress  for  any  length  of  time.  In  the  test 
by  dead  loads,  when  a  load  is  placed  on  a  bar  and  the  deflection  is 
allowed  to  increase,  the  load  continues  to  act  as  long  as  the  test  contin- 
ues. In  the  test  by  the  pressure-screw  and  scale-combination,  the  deflec- 
tion is  maintained  constant  by  the  screw,  while  the  decrease  of  resist- 
ancing  of  the  bar  is  shown  by  the  dropping  of  the  scale-beam,  and  its  bal- 
ancing by  a  smaller  weight,  moving  the  sliding  poise  to  a  lower  figure  on 
the  beam. 

To  test  a  ductile  metal  by  the  pressure-screw  exactly  as  with  dead 
loads,  it  would  be  necessary  to  continue  turning  the  hand- wheel  just  rap- 
idly enough  to  keep  the  scale-beam  constantly  balanced,  so  that  the  press- 
ure would  remain  constant  and  the  deflection  increase  as  in  the  test 
under  dead  loads.  With  very  ductile  metals,  which  show  under  some 
loads  a  decreasing,  and  under  heavier  loads  a  rapidly  increasing,  rate  of 
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increase  of  deflection,  this  would  be  impracticable.  To  observe  the  effect 
of  time  in  tests  of  the  ductile  metals,  therefore,  the  deflection  was  meas- 
ured when  the  scale-beam  balanced  at  a  certain  figure,  and  then,  as  the 
beam  dropped,  showing  a  decrease  of  resistance  of  the  bar  to  stress,  the 
poise  was  pushed  back  until  the  beam  balanced  again,  and  the  figure  on 


Fig.  13. 

the  beam  recorded  and  the  time  noted.  As  the  beam  dropped  again  it 
was  again  balanced,  and  so  on  as  long  as  it  was  desired  to  continue  the 
test. 

In  the  appended  tables  of  the  tests  of  the  second  series,  therefore,  it 
will  be  observed  that  when  "time  tests"  are  made,  instead  of  noting  the 
increase  of  deflection  with  various  times  of  leaving  uuder  stress,  as  in 
the  first  series,  the  decrease  of  resistance  is  noted,  as  measured  ou  the 
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scale  beam.  The  decrease  of  resistance  to  stress  is  also  frequently  noted 
in  these  tables  by  the  words  "  beam  sinks,"  when  the  beam  was  observed 
to  drop  while  taking  the  reading  of  the  deflection,  but  when  the  test 
was  at  once  continued  without  stopping  for  "time  tests."*  The  deflec- 
tions of  the  bars  tested  in  this  apparatus  were  measured  by  an  instru- 
ment (Fig.  13)  designee!  for  the  purpose,  which  consists  of  a  micrometer 
screw  and  contact  level,  similar  to  the  instrument  used  by  the  United 
States  Coast  Survey  for  comparing  standard  measures  of  length. 

The  screw  has  40  threads  to  the  inch,  and  the  head  is  divided  into  250 
parts,  so  that  a  turn  of  the  screw  through  a  distance  indicated  by  one 
division  on  the  scale  corresponds  to  an  advance  of  the  screw  through  its 
nut  of  lo&oofrh  of  an  inch.  The  screw  and  the  nut  in  which  it  works  are 
carried  by  a  bronze  piece  supported  by  two  pivot  screws.  This  piece  also 
carries  a  very  delicate  astronomical  level.  Thereadingsof  the  head  of  the 
screw  are  taken  when  the  bubble  of  the  level  is  exactly  in  the  center  oi 
its  glass,  and,  when  care  is  taken,  the  readings  are  given  with  accuracy 
to  the  l0io0th  of  an  inch.  The  instrument  was  tested  carefully  in  the 
Physical  Laboratory  of  the  Stevens  Institute  of  Technology,  and  the 
pitch  of  the  screw  was  found  to  be  uniform  within  the  limits  of  error  of 
the  reading,  and  the  level  to  have  the  required  delicacy  of  action. 

The  pitch  of  the  screw,  however,  has  an  error  which  is  proportional 
to  its  length,  amounting  to  0.000741  inch  in  each  inch  of  its  length,  the 
inch  indicated  by  the  instrument  being,  accurately,  0.99925  inch. 

In  using  this  instrument  to  measure  deflections,  in  tests  by  transverse 
stress,  it  is  mounted  on  an  iron  standard  which  is  bolted  firmly  to  the 
middle  of  the  heavy  base-plate  of  the  machine,  and  placed  in  such  a 
position  that  the  end  of  tne  micrometer  screwrests  on  a  flat  surface  on  the 
upper  side  of  the  piece  which  acts  on  the  middle  of  the  bar  to  be  tested, 
and  through  which  the  pressure  is  applied.  This  piece  is  guided  by  the 
rods  which  sustain  the  nut  in  which  the  large  pressure  screw  rotates, 
in  such  a  manner  that  it  can  only  move  in  a  vertical  direction. 

A  special  test  was  made  of  the  accuracy  of  the  method  of  measuring 
deflections,  and  a  slight  error  was  found  to  arise  from  the  deflection  of 
the  bed-plate  of  the  testing-machine.  This  error  was  found  to  amount 
to  0.0050  inch  when  the  machine  was  strained  to  its  working  limit,  viz, 
4,000  pounds,  and  it  was  also  found  to  be  proportional  to  the  stress,  or 
0.00000125  inch  for  each  pound  of  stress,  which  error,  if  absolute  accu- 
racy is  desired,  should  be  added  to  the  observed  deflections. 

In  testing  the  softer  metals  an  error  is  introduced  by  the  compression 
of  the  bar  at  the  point  which  is  touched  by  the  pressure-block  and  the 
points  which  rest  on  the  rollers.  The  effect  of  this  compression  can,  in 
some  cases,  be  seen  on  the  bars  after  they  have  been  tested.  This  error 
seemed  to  be  nearly  constant  after  the  application  of  about  a  hundred 
pounds,  the  pressure-block  and  rollers  appearing  to  form  permanent  beds 
for  themselves.  It  may  partially  account  for  the  apparently  greater 
increase  of  deflections  for  equal  increments  of  load  near  the  beginning 
of  the  test  than  elsewhere  near  the  elastic  limit,  and  therefore  for  the 
apparent  irregularity  in  the  moduli  of  elasticity. 

Tables  are  appended  giving  the  records  of  the  test  of  each  bar,  and 
the  following  table  presents  a  condensed  summary  of  all  results : 

*  See  paper  by  the  writer  "  On  the  Bate  of  Set/'  &c.,  Appendix. 
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NOTES  ON  THE  TESTS  BY  TRANSVERSE  STRESS. 

Comparing  the  results  given  in  the  above  table  with  those  of  the  trans- 
verse tests  of  the  first  series,  given  in  Table  II,  page  278,  it  will  be  seen 
that  there  is  a  very  close  resemblance,  indicating  that  there  is  a  definite 
law  connecting  the  strength  with  the  composition  of  the  copper  and  tin 
alloys,  and  that  a  regular  curve  can  be  laid  down  expiessing  this  law. 

It  will  be  seen  that  in  the  second  series  the  maximum  strength  was 
shown  by  No.  34  (82.72  copper,  17.33  tin),  while  in  the  first  series  it  was 
exhibited  by  No.  7  (80.95  copper,  18.84  tin),  which  differed  but  little  from 
it  in  composition.  In  both  series  there  is  a  regular  bat  rapid  decrease 
of  strength  to  alloys  No.  13  (56.70  copper,  43.17  tiu)  of  the  first  series, 
and  No.  40  (53.46  copper,  46.54  tin)  of  the  second  series.  From  these 
compositions  to  the  end  of  each  series  all  of  the  bars  possess  but  little 
strength,  but  there  is  a  slow  and  somewhat  irregular  increase  of  strength 
from  No.  13  and  No.  40  to  No.  21  (23.35  copper,  76.29  tin)  in  the  first 
series,  and  No.  46  (21.60  copper,  77.58  tin)  in  the  second  series,  which 
bars  give  what  has  been  called  the  "second  maximum "  points  in  the 
curves  of  each  series.  Their  resistances  then  gradually  decrease  to  the 
end  of  each  series,  the  bars  at  the  end  giving  the  "  second  minimum" 
points  in  each  curve.  The  irregularity  in  strength  in  the  latter  part  of 
the  first  series  does  not  occur  in  the  second  series,  since  the  latter  was 
tested  with  more  uniformity  as  to  time  than  the  former. 

The  results  of  these  tests  do  not  seem  to  corroborate  the  theory  given 
by  some  writers,  that  peculiar  properties  are  possessed  by  the  alloys 
which  are  compounded  of  simple  multiples  of  their  atomic  weights  or 
chemical  equivalents,  and  that  these  properties  are  lost  as  the  composi- 
tions vary  more  or  less  from  this  definite  constitution.  It  does  appear 
that  a  certain  percentage  composition  gives  a  maximum  strength  and 
another  certain  percentage  a  minimum,  but  neither  of  these  composi- 
tions is  represented  by  simple  multiples  of  the  atomic  weights. 

Besides,  there  appears  to  be  a  perfectly  regular  law  of  decrease  from 
the  maximum  to  minimum  strength  which  does  not  seem  to  have  any 
relation  to  the  atomic  proportions,  but  only  to  the  percentage  composi- 
tion. 

Eeferring  to  the  appended  tables,  giving  the  record  of  the  test  of  each 
bar,  and  the  plate  of  plotted  curves  which  accompanies  them,  the  fol- 
lowing observations  may  be  made  concerning  these  tests : 

Bar  No.  31  (139.09  copper,  0.87  tin). — This  bar  proved  upon  test  to  be 
a  bad  casting,  and  apparently  had  a  crack  in  the  middle  which  was  not 
discovered  till  after  360  pounds  pressure  had  been  placed  on  it.  The 
limit  of  elasticity  appeared  to  be  reached  at  about  200  pounds,  and  a  set 
of  0.01  inch  was  observed  at  the  same  point,  both  of  which  indicated  the 
deflective  strength  before  rupture.  The  modulus  of  elasticity  also  was 
much  less  than  those  of  other  bars  of  nearly  the  same  composition. 
After  breaking,  the  fracture  showed  the  metal  to  be  full  of  blow-holes 
and  it  had  a  partially  oxidized  appearance.  As  bar  No.  2  (97.89  copper, 
1.90  tin)  of  the  first  series  was  also  defective,  it  is  indicated  that  faulty 
castings  are  very  likely  to  occur  with  alloys  containing  less  than  3  per 
cent,  of  tin.  It  is  possible,  however,  that  sound  bars  may  be  made  if 
the  metal  is  poured  at  the  proper  heat  and  cooled  at  the  proper  rate. 
As  this  bar  was  defective,  it  is  omitted  from  the  plotted  curves  (Plate  I). 

Bar  No.  32  (94.10  copper,  5.43  tin). — This  proved  to  be  a  good  bar, 
and  bent  without  breaking  at  a  load  of  1,080  pounds.  From  the  plotted 
curves  of  stresses  aud  deflections  (Plate  XVII)  it  appears  that  the  limit 
of  elasticity  was  reached  at  about  600  pounds. 
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A  set  of  0.0146  inch  took  place  at  400  pounds.  At  440  pounds  the 
scale-beam  was  observed  to  drop  while  taking  the  deflection,  immedi- 
ately after  it  had  been  balanced,  showing  a  decrease  of  resistance  to 
constant  deflection,  which  has  been  commented  upon  in  describing  the 
action  of  the  machine  (page  325).  This  aiso'occurred  at  every  load  be- 
yond 440  pounds,  although  it  is  not  noted  in  the  table.  It  is  to  be  un- 
derstood that  in  all  tests  in  which  a  decrease  of  resistance  to  stress  is 
noted,  that  decrease  also  took  place  at  every  load  succeeding  that  at 
which  it  is  first  observed  to  the  end  of  the  test. 

A  "time  test"  was  made  at  600  pounds,  showing  a  decrease  of  resist- 
ance in  2  minutes  to  586  pounds,  and  in  1  hour  48  minutes  to  562  pounds. 

Bar  No.  33  (88.40  copper,  11.59  tin). — This  bar  proved  much  stronger 
than  No.  32,  breaking  at  a  load  of  1,700  pounds,  after  a  deflection  of 
about  4  inches.  A  set  of  0.0112  inch  was  observed  at  600  pounds,  and 
the  limit  of  elasticity  is  taken  at  this  point.  At  720  pounds  the  bar 
showed  a  decrease  of  resistance,  the  scale-beam  slowly  sinking  below 
its  middle  position.  This  bar  differed  but  little  in  composition  from 
No.  6  (87.15  copper,  12.73  tin)  of  the  first  series,  which  was  found  to 
be  defective  by  reason  of  liquation,  and  it  confirms  the  indication  men- 
tioned under  the  transverse  test  of  No.  6;  that  the  liquation  was  not 
caused  by  the  particular  mixture  or  composition,  but  by  some  peculiarity 
in  casting  or  cooling.  The  fracture  of  this  bar  was  in  color  a  light 
grayish-yellow,  slightly  darker  in  the  center,  and  of  an  earthy  appear- 
ance, entirely  devoid  of  luster  $  a  few  very  small  blow-holes  were  seen 
around  the  edges  of  the  fracture.  It  resembled  somewhat  the  more 
homogeneous  fractures  of  bar  No.  5  rt>0.27  copper,  9.58  tin).  Its  shape 
was  trapezoidal,  a  characteristic  of  all  fractures  by  transverse  stress  of 
metals  possessing  considerable  ductility.  The  measurement  of  this  frac- 
ture showed  the  breadth  at  the  top  to  be  1.003  inches  and  at  the  bottom 
0.937  inch.  The  depth  was  0.972  inch.  The  original  section  of  the  bar 
was  rectangular,  breadth  0.973  inch,  and  depth  0.977  inch. 

Bar  No.  34  (82.72  copper,  17.23  tin).— This  bar  was  the  strongest  of 
the  series,  and  also  stronger  than  any  bar  in  the  first  series.  It  broke  at 
1,840  pounds,  after  a  deflection  of  0.6125  inch.  A  set  of  0.0098  inch  was 
observed  at  1,000  pounds,  and  the  limit  of  elasticity  was  reached  at  1,040 
pounds. 

In  breaking,  the  bar  gave  out  a  ringing  sound,  and  the  two  halves 
flew  out  from  under  the  pressure-screw,  and  were  found  on  the  platform 
about  four  feet  apart.  The  fracture  was  of  a  pinkish-gray  color,  very 
fine,  granular,  and  homogeneous,  except  a  spot  in  the  center,  which  ap- 
peared to  be  a  mottled  mixture  of  the  pinkish-gray  with  a  dull,  earthy, 
yellowish-gray.  There  were  no  signs  of  a  decrease  of  resistance  through- 
out the  test  during  the  times  necessary  to  take  readings  of  deflections 
(from  30  secouds  to  1  minute  each).  The  fracture  took  place  just  as  the 
last  reading  of  deflection  was  taken,  and  about  30  seconds  after  the 
beam  was  balanced  at  1,840  pounds,  the  beam  remaining  balanced  until 
the  instant  of  rupture.  The  appearance  of  the  fracture  and  the  beha- 
vior under  stress  were  very  similar  to  those  of  bar  No.  7  (80.95  copper, 
18.84  tin),  which  broke  at*  1,750  pounds,  and  was  the  strongest  bar  of 
the  first  series.  It  appears  that  the  maximum  strength  is  associated 
with  a  peculiar  color,  a  reddish  or  pinkish  gray,  which  marks  the 
change  from  the  ductile  alloys  to  the  brittle  ones,  and  occurs  between 
the  percentages  of  tin  which  give  a  silver-white  alloy  in  which  no  trace 
of  copper  could  be  detected  by  the  eye,  and  the  reddish -yellow  to  yel- 
lowish-gray alloys  like  No.  6  (lower  end  of  bar)  and  No.  33. 

The  tests  of  No.  7  and  No.  34  are  not  sufficient  of  themselves  to  de- 
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termine  with  accuracy  the  composition  which  gives  the  maximum 
strength  of  all  the  alloys  of  copper  and  tin:  but  from  the  plotted 
curves  of  the  tests  of  both  series  it  appears  evident  that  it  lies  between 
82.5  and  85  per  cent,  copper. 

Bar  No.  35  (77.56  copper,  22.25  tin).— This  bar  had  less  than  half  the 
strength  of  No.  34,  breaking  at  840  pounds  after  a  deflection  of  0.1606 
inch,  thus  again  exhibiting  the  result  shown  in  the  test  of  the  first  series, 
the  very  rapid  decrease  of  strength  between  80  and  75  per  cent,  of  cop- 
per. In  all  its  qualities  it  closely  resembles  No.  8  (76.63  copper,  23.24 
tin)  of  the  first  series.  The  color  of  the  fracture  was  the  same,  a  very 
slight  pinkish-gray,  with  a  very  fine  granular  structure,  but  showing 
slight  radiated  lines  of  cooling  which  were  not  present  in  the  fractured 
surface  of  No.  8.  No  set  amounting  to  O.'Ol  inch  could  be  detected 
during  the  test,  and  the  limit  of  elasticity  was  not  reached  before  frac- 
ture ;  the  bar,  therefore,  possessed  all  the  qualities  of  the  brittle  alloys, 
combined  with  a  considerable  degree  of  strength. 

Bar  No.  36  (72.89  copper,  26.85  tin).— This  bar  also  illustrates  the  sud- 
den decrease  of  strength  after  passing  the  maximum,  breaking  at  290 
pounds,  after  a  deflection  of  0.0475  inch.  The  limit  of  elasticity  was 
not  reached  before  fracture,  and  no  set  amounting  to  0.01  inch  was  found. 
The  fracture  was  of  a  brilliant  silver-white  color,  with  a  very  faint 
tinge  of  pink..  It  had  a  curved  shape,  like  those  of  No.  9  (69.84  cop- 
per, 29.88  tin)  and  No.  10  (68.58  copper,  31.26  tin)  in  the  first  series,  and, 
like  them,  showed  a  laminated  or  prismatic  structure.  In  all  respects 
the  bar  resembled  No.  9  and  No.  10,  except  in  the  pinkish  shade  of 
color,  which  was  absent  in  both  of  the  latter.  It  appears,  therefore, 
that  the  change  in  color  from  light  pinkish-gray  to  silver-white  takes 
place  between  the  compositions  containing  76.63  and  72.89  per  cent,  of 
copper,  and  that  the  change  is  gradual  between  these  limits. 

Bar  No.  37  (67.87  copper,  32.09  tin).— This  bar  was  a  little  weaker 
than  No.  35,  breaking  at  270  pounds,  after  a  deflection  of  0.0520  inch. 
Like  all  of  the  brittle  bars,  it  had  no  elastic  limit  before  fracture,  and 
no  set  amounting  to  0.01  inch.  The  fracture  was  precisely  similar  to 
that  of  No.  10  (68.58  copper,  31.26  tin)  of  the  first  seiies. 

Bar  No.  38  (62.42  copper,  37.48  tin).— The  piece  of  this  bar  which 

was  tested  by  transverse  stress  was  only  9  inches  in  length  between 

supports,  the  bar  having  broken  in  the  emery-wheel  planer,  as  already 

mentioned  on  page  324.    This  piece  broke  at  210  pounds,  giving  a 

3  PZ 
modulus  of  rupture,  E  =  ,  of  2907  pounds,  or  less  than  one- third 

that  of  No.  37.  The  deflection  with  200  pounds  stress  was  0.01S5  inch. 
This  deflection  appears  to  give  a  very  low  modulus  of  elasticity,  only 
2,000,000  pounds,  or  3,000,000  if  the  modulus  is  taken  between  the 
loads  of  80  and  200  pounds  to  eliminate  the  probably  erroneous  read- 
ings of  deflection  at  the  beginning  of  the  test.    The  formula  by  means 

p?3 

of  which  the  modulus  of  elasticity  is  calculated,  E  =-, — ™,  however, 

is  not  exact  for  short  specimens,  as  it  does  not  take  into  account  the 
effect  of  shearing  stress,  as  has  been  observed  on  page  281. 

The  figures  of  moduli  of  elasticity  in  all  the  bars  of  this  series  which 
have  less  than  the  standard  length  of  22  inches  between  supports  are 
therefore  probably  much  too  small.  Moreover,  the  effects  of  all  the  er- 
rors in  the  test,  those  of  observation,  those  due  to  compression  of  the 
points  of  the  bar  touched  by  the  supports  and  by  the  pressure-block, 
and  those  due  to  the  unevenness  of  the  bearing,  will  all  be  increased 
and  will  tend  to  increase  the  apparent  deflection. 
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The  fact  that  liquation  occurred  in  this  bar  was  noted  on  page  324. 
The  fracture  by  transverse  stress  also  exhibited  liquation  as  it  differed 
in  appearance  from  both  of  the  accidental  fractures.  It  was  of  a  dark 
gray  color  and  stony  structure,  with  no  radiated  lines  of  laminae,  and 
was  not  homogeneous,  parts  being  brilliant  and  parts  dull. 

Bar  No.  39  (57.87  copper,  42.05  tin).— The  length  of  the  bar  when 
tested  was  17  inches.  It  broke  at  J  42  pounds  after  a  deflection  of  0.021 
inch,  giving  a  modulus  of  rupture  somewhat  higher  than  No.  38.  The 
apparent  modulus  of  elasticity  is  much  higher  than  that  of  No.  38. 
The  fracture  was  of  a  light-gray  color  and  stony  structure,  showing 
some  radiated  lines. 

Bar  No.  40  (53.46  copper,  46.54  tin). — This  bar  was  only  9  inches  long 
between  supports,  and  it  proved  to  be  the  weakest  of  the  series,  break- 
ing at  150  pounds  with  a  deflection  of  only  0.008  inch,  giving  a  modu- 
lus of  rupture  of  1,995  pounds.  The  apparent  modulus  of  elasticity  is 
very  low,  as  in  the  cases  of  the  other  short  bars.  The  color  of  the 
fracture  was  light  gray,  and  it  had  a  radiated  lamellar  structure.  It 
was  not  distinguishable  from  the  fracture  of  No.  39.  It  was  also  similar 
in  appearance  to  No.  13  (56.70  copper,  43.17  tin),  which  was  the  weakest 
bar  in  the  first  series. 

Bar  No.  41  (47.27  copper,  52.72  tin).— The  length  of  this  bar  was  15 
inches  between  the  supports.  It  was  much  stronger  than  No.  40,  break- 
ing at  230  pounds  after  a  deflection  of  0.0186  inch,  giving  a  modulus 
of  rupture  of  5,601  pounds.  From  the  position  of  this  test  in  the  curve 
strengths  of  the  series  it  is  seen  that  it  also  indicates  a  law  of  gradual 
increase  of  strength  from  the  bar  of  minimum  strength,  No.  40,  to  the 
bar  of  "second  maximum "  strength,  No.  46  (21.60  copper,  77.58  tin), 
which  was  also  shown  in  the  test  of  the  first  series.  The  fracture  was 
very  much  like  that  of  No.  40. 

Bar  No.  42  (43.99  copper,  55.91  tin). — This  bar  was  18  inches  in  length 
between  the  supports.  It  was  a  little  stronger  than  No.  41,  breaking  at 
222  pounds,  giving  a  modulus  of  rupture  of  6,084  pounds  after  a  deflec- 
tion of  0.0357  inch.  The  bar  did  not  break  in  the  middle,  as  is  nearly 
always  the  case  in  transverse  tests,  but  4  inches  from  the  middle,  or  5 
inches  from  the  upper  or  A  end  of  the  bar.  The  longer  piece  (marked 
E-c)  remaining  after  the  test  was  then  also  tested,  being  13  inches  in 
length  between  the  supports.  It  gave  a  result  slightly  higher  than  the 
original  bar,  breaking  at  362  pounds,  giving  a  modulus  of  rupture  of 
6,605  pounds  after  a  deflection  of  0.031  inch.  The  apparent  modulus 
of  elasticity  given  by  this  test  is  only  about  half  of  that  given  by  the 
original  bar,  which  only  serves  to  confirm  the  statement  already  made 
as  to  the  unreliability  of  the  moduli  of  elasticity  derived  from  tests  of 
very  short  bars.  The  fractures  were  similar  in  color  to  those  of  No.  41, 
but  showed  a  compact  stony,  instead  of  a  radiated  and  laminated,  ap- 
pearance. The  accidental  fracture  near  the  bottom  of  the  original  bar, 
however,  did  show  the  radiated  structure,  as  did  also  bar  No.  43. 

The  analyses  of  turnings  from  two  different  parts  of  this  bar  showed 
that  a  large  amount  of  liquation  had  occurred,  the  turnings  from  the 
lower  part  of  the  bar  containing  more  than  22  per  cent,  less  copper 
than  those  from  the  upper.  This  is  sufficient  to  account  for  the  break- 
ing in  a  section  other  than  the  middle,  and  for  the  difference  in  appear- 
ance of  the  fractures. 

Bar  No.  43  (37.10  copper,  62.90  tin).— This  bar  was  of  thd  standard 
length,  22  inches,  and  shows  an  increase  of  strength  over  No.  42,  break- 
ing at  200  pounds,  or  at  a  modulus  of  rupture  of  6,942  pounds  after  a 
deflection  of  0.0799  inch.    A  .v  et  of  0.0202  inch  was  observed  just  before 
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rapture  took  place,  thus  showing  more  ductility  than  either  of  the  five 
previous  bars.  From  this  point  to  the  end  of  the  series  the  ductility 
increases.  It  will  be  observed  that  in  this,  and  in  all  of  the  more  duc- 
tile bars  containing  large  percentages  of  tin,  the  moduli  of  elasticity 
appear  to  decrease  from  the  beginning  of  the  test,  while  in  the  brittle 
bars  they  either  remained  nearly  constant  or  showed  a  slight  increase. 
In  the  latter  the  limits  of  elasticity,  or  points  at  which  the  ratio  of 
distortion  to  stress  increases  are  not  reached  before  fracture  occurs. 
In  the  former,  they  occur  very  near  the  beginning  of  the  tests,  but 
its  exact  place  is  difficult  to  determine.  On  the  plate  of  curves  of 
deflections  this  is  plainly  seen,  as  the  curves  of  these  ductile  bars  show 
a  curvature  concave  to  the  axis  of  abscissas  almost  from'  the  beginning 
of  the  test.  The  limit  of  elasticity  is  usually  taken  as  the  point  at  which 
the  curve  begins  suddenly  to  become  concave  toward  the  axis,  but  in  the 
ductile  bais  in  which  this  point  of  change  is  not  plainly  marked,  it  is 
assumed  to  be  that  point  at  which  the  greatest  change  of  curvature  seems 
to  take  place,  or  a  little  before  the  curve  assumes  a  nearly  horizontal 
direction.  By  inspection  of  the  curve  of  No.  43  its  limit  of  elasticity  is 
determined  to  be  pounds.  When  100  pounds  had  been  placed  on  the 
bar,  a  decrease  of  resistance  to  stress  was  noted,  the  scale-beam  dropping 
while  the  reading  was  being  taken,  as  was  observed  in  the  cases  of  bars 
No.  31  to  No.  34.  This  was  also  observed  in  all  bars  from  No.  43  to  the 
end  of  the  series. 

The  fracture  was  of  a  light-gray  color,  and  showed  very  large  pris- 
matic crystallization  similar  to  that  of  No.  19  (34.22  copper,  65.80  tin)  of 
the  first  series.* 

Bar  No.  44  (30.76  copper,  69.19  tin). — This  bar  also  showed  the  in- 
creasing strength  and  increasing  ductility  of  this  part  of  the  series  as 
the  percentage  of  tin  increases.  It  broke  at  210  pounds  after  a  deflec- 
tion of  0.1122  inch.  A  set  of  0.0325  inch  was  observed  at  200  pounds. 
From  the  curves  of  deflections  (Plate  XVII)  the  limit  of  elasticity  ap- 
pears to  have  been  reached  at  100  pounds,  at  which  load  the  bar  first 
exhibited  a  decrease  of  resistance  to  constant  deflection.  The  appearance 
of  the  fracture  was  precisely  like  that  of  No.  43. 

Bar  No.  45  (26.62  copper,  73.18  tin). — This  bar  was  considerably  stronger 
and  more  ductile  than  No.  44,  breaking  at  320  pounds  after  a  deflection 
of  0.2204  inch.  A  set  of  0.0145  inch  was  observed  at  160  pounds,  and 
from  the  curve  the  limit  of  elasticity  appears  to  have  been  reached  at 
160  pounds.  The  decrease  of  resistance  under  constant  deflection  was 
first  found  at  80  pounds,  and  a  "time  test"  of  this  decrease  was  made 
at  160  pounds.  As  shown  in  the  table,  after  the  beam  had  been  bal- 
anced for  the  second  time  at  160  pounds,  the  resistance  decreased  in  1 
minute  to  154  pounds,  in  3  minutes  to  150  pounds,  in  44  hours  to  104 
pounds,  and  in  69  hours  to  100  pounds,  showing  a  gradually  decreasing 
rate  of  the  decrease.  The  fracture  was  similar  in  color  to  those  of  No. 
43  and  No.  44,  but  the  crystals  were  much  smaller,  and  had  more  of  a 
granular  appearance. 

Bar  No. 4*5  (22.10  copper, 77.58  tin). — This  bar  gave  the  "second  max- 
imum" point  of  strength  in  the  curve  of  the  series,  breaking  at  400 
pounds  after  a  deflection  of  0.4051  inch.  It  closely  resembled  in  all  its 
qualities  the  bar  which  gave  the  "second  maximum"  in  the  first  series, 
No.  21  (33.35  copper,  76.29  tin),  but  did  not  have  a  cavity  throughout  its 
length  such  as  was  seen  in  the  latter.  A  set  of  0.0047  inch  was  observed 
at  100  pounds,  and  one  of  0.0357  inch  at  200  pounds.    The  decrease  of 

*  See  description  of  fracture  of  No.  19  by  Professor  Leeds,  page  290. 
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resistance  with  time  was  first  observed  at  100  pounds;  from  the  curve 
of  deflections  the  limit  of  elasticity  is  seen  to  be  at  pounds.    The 

fracture  was  similar  to  that  of  No.  45. 

Bar  No.  47  (16.70  copper,  83.23  tin).— This  bar  proved  to  be  a  little 
weaker  than  No.  46,  thus  confirming  the  law  of  decrease  of  strength 
from  the  second  maximum  to  the  end  of  the  series.  It  broke  at  300 
pounds  after  a  deflection  of  0.5332  inch.  A  set  of  0.0092  inch  was 
observed  at  100  pouuds,  and  from  the  curve  of  deflections  the  limit  of 
elasticity  was  apparently  reached  at  about  100  pounds.  The  fractured 
surface  was  similar  to  that  of  No.  46. 

The  phenomenon  of  decrease  of  set  with  time  was  observed  for  the  first 
time  with  this  bar;  the  table  of  the  record  of  test  giving  the  full  record 
of  all  the  observations  made.  On  relieving  the  bar  of  all  pressure  except 
that  due  its  own  weight,  and  except  a  very  slight  pressure  (a  few  ounces) 
to  insure  that  the  pressure-block  actually  touched  the  bar  and  was  not 
raised  from  it,  the  scale-beam  balanced  at  5  pounds,  and  the  reading  of 
the  set  was  made.  WJiile  reading  the  set  the  scale-beam  was  observed 
to  rise,  indicating  increase  of  resistance  to  deflection,  as  it  had  similarly 
been  observed  to  drop  when  resistance  to  stress  took  place.  A  number 
of  observations  of  this  increase  of  resistance  to  the  permanent  deflection 
were  made,  and  also  of  the  decrease  of  set,  as  measured  by  running  back 
the  pressure-screw  till  the  scale-beam  again  balanced  at  5  pounds,  and 
taking  additional  readings.  The  result  of  these  observations,  which  are 
all  given  in  the  table,  showed  that  in  one  observation  of  39  minutes  the 
resistance  of  the  bar,  as  measured  by  the  scale-beam,  increased  18  pounds, 
and  that  in  2  hours  20  minutes  the  set  decreased  the  amount  of  0.0239 
inch. 

This  fact  of  the  decrease  of  set  with  time  has  since  been  confirmed  by 
a  large  number  of  tests  made  on  the  same  machine,  and  it  has  also  been 
observed  by  other  experimenters.  It  indicates  that  what  has  been  hith- 
erto called  the  " permanent  set"  of  metals  is  in  reality  not  entirely  per- 
manent, but  is  partially,  at  least,  temporary.* 

Bar  No.  48  (11.68  copper,  88.25  tin).— The  result  of  the  test  of  this  bar 
was  almost  precisely  like  that  of  No.  47,  but  it  showed  considerably 
greater  ductility.  It  broke  at  300  pounds,  after  a  deflection  of  1.0760 
inches.  A  set  of  0.0120  inch  was  observed  at  100  pounds.  The  limit  of 
elasticity  is  taken  at  100  pounds.  The  decrease  of  resistance  to  stress 
was  first  noted  at  80  pounds.  The  phenomenon  of  decrease  of  set  with 
time  was  also  observed  with  this  bar,  a  test  of  20  minutes'  duration 
showing  a  decrease  of  set  of  0.0234  inch.  The  fracture  was  of  a  light- 
gray  color  with  a  rough  granular  structure. 

Bar  No.  49  (6.05  copper,  93.77  tin). — This  bar  was  weaker  and  much  more 
ductile  than  No.  48,  bending  to  a  deflection  of  3.67  inches  without  break- 
ing at  a  load  of  290  pounds.  A  set  of  0.0128  inch  was  observed  at  100 
pounds,  and  the  limit  of  elasticity  seems  to  be  reached  at  about  this  point 
The  decrease  of  resistance  to  stress  was  first  observed  at  80  pounds. 
No  tests  were  made  of  the  decrease  of  set  with  time. 

Bar  No.  50  (2.11  copper,  97.68  tin). — This  bar  was  still  weaker  than 
No.  49,  bending  to  a  deflection  of  3.93  inches,  without  breaking  at  a  load 
of  250  pounds.  A  set  of  0.0164  inch  was  observed  at  100  pounds,  and 
the  limit  of  elasticity  seems  to  be  reached  at  about  60  pounds.  The 
decrease  of  resistance  with  time  was  first  noticed  at  60  pounds.  At  210 
pounds  the  beam  was  caused  to  balance  twice  after  it  had  dropped,  the 
deflection  at  the  same  time  being  increased  from  0.85  to  1.08  inches. 

*  See  paper  by  the  writer,  &o. 


TESTS  OF  METALS.  335 

This  indicated  that  a  much  less  load  than  250  pounds  would  have  caused 
he  final  recorded  deflection  of  3.93  inches,  if  sufficient  time  had  been 
given  to  it* 

It  will  be  observed,  on  comparing  the  results  of  the  tests  of  No.  49  and 
No.  50  with  those  of  bars  of  nearly  similar  composition  in  the  first  series, 
that  the  former  gave  much  higher  results  than  the  latter.  This  is  due 
entirely  to  the  method  of  test,  or  rather  to  the  time  taken  by  the  differ- 
ent methods.  In  the  tests  of  the  ductile  bars  of  the  first  series,  by  dead 
loads,  as  alreadv  staled,  the  load  acted  constantly  to  produce  an  iucreased 
deflection  while  the  reading  was  being  taken,  and  thus  a  much  less  load 
was  required  to  produce  a  certain  deflection  than  would  have  been  re- 
quired if  the  test  had  been  made  more  rapidly.  In  the  tests  of  the  second 
series  all  the  conditions  of  a  rapid  test  were  fulfilled,  since  the  deflection 
was  not  increased  while  the  reading  was  beiug  taken,  and  also  since  the 
actual  time  occupied  by  the  test  was  very  much  less  in  consequence  of 
the  greater  convenience  of  handling  the  apparatus. 

TESTS  BT  TENSILE  STBES& 

Second  series.    Alloys  of  Copper  and  Tin. 

The  bars  of  the  second  series,  after  having  been  tested  by  transverse 
stress,  as  above  described,  were  shaped  by  being  turned  in  a  lathe  into 
pieces  for  test  by  tensile  stress  of  the  same  shape  as  those  of  the  first 
series,  with  the  cylindrical  portion  of  the  test-piece  5  inches  in  length 
and  0.798  inch  in  diameter,  or  £  square  inch  sectional  area.  The  bars, 
which  were  too  brittle  to  be  turned,  were  tested  in  their  original  rectan- 
gular section. 

The  tests  were  made  on  the  testing-machine  (Fig.  6,  page  292),  described 
under  the  tests  of  the  first  series. 

The  elongations  were  measured  by  means  of  the  contact-level  and 
micrometer-screw  (Fig.  13,  page  326),  which  was  used  in  measuring  the 
deflections  in  the  transverse  tests,  and  which  has  already  been  described. 
In  adapting  it  to  tensile  tests,  the  bronze  piece  containing  the  two  pivot- 
screws  which  support  the  piece  carrying  the  level  and  nut  was  firmly 
clamped  by  a  screw  to  the  rectangular  head  of  the  test-specimen  just 
above  the  cylindrical  portion. 

At  the  bottom  of  the  specimen  was  clamped  a  similar  bronze  piece, 
which  carried  a  small  steel  cj'linder,  with  a  flat  upper  surface,  which  the 
end  of  the  micrometer-screw  was  brought  to  touch,  and  upon  which  it 
rested,  being  free  to  move  about  the  pivot-screws  during  the  test  When 
the  test-piece,  with  the  measuring-apparatus  clamped  to  it,  was  placed 
in  the  grips  of  the  testing-machine  it  was  brought  into  a  vertical  posi- 
tion, and  the  micrometer-screw  was  turned  in  its  nut  until  the  bubble  of 
the  level  was  in  its  middle  position.  As  the  test  proceeded  and  the  piece 
elongated,  the  distance  between  the  two  pieces  of  the  measuring-appara- 
tus increased  exactly  to  the  extent  of  the  elongation,  and  the  level 
shifted,  requiring  the  micrometer-screw  to  be  advanced  an  amount  equal 
to  that  of  the  elongation  to  bring  the  bubble  again  to  its  original  posi- 
tion. 

The  apparatus  was  found  to  give  good  results,  except  at  the  beginning 
of  the  test,  when  the  piece  appeared  to  take  a  very  slight  curvature,  the 
effect  of  which  was  at  times  to  cause  the  apparent  elongation  to  be 
greater  or  less  than  the  true  elongation. 

The  curvature  or  bending  of  the  test-specimen  may  be  produced  by 
either  of  several  causes,  or  by  a  combination  of  them  all.    These  we 
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chiefly  the  existence  of  a  blow-hole,  or  any  want  of  homogeneity  in  one 
side  of  the  test-specimen,  the  fact  of  the  heads  of  the  test-specimen  not 
being  accurately  symmetrical  with  the  cylindrical  portion,  or  the  side 
strain  brought  by  the  testing-machine  by  reason  of  the  line  of  stress  not 
being  accurately  in  line  with  the  axis  of  the  test-specimen. 

These  errors  appear  to  exist  ouly  in  that  part  of  the  test  which  is 
below  the  elastic  limit  of  the  specimen,  as  after  that  point  the  stress 
pulls  the  piece  into  the  line,  which  it  retains  till  the  end  of  the  test 
The  bending  is  so  slight  usually  that  it  has  not  been  detected,  so  far  as 
the  writer  is  aware,  by  any  other  means  of  measurement  than  the  ooe 
herein  described,  which  magnifies  the  extensions  considerably. 

Because  of  these  errors,  the  figures  given  in  the  tables  for  elonga- 
tions near  the  beginning  of  the  test  before  they  amount  to  0.01  inch  are 
in  many  cases  not  reliable.  Where  the  elongations  are  greater  than  this 
amount,  the  figures  are  considered  very  accurate,  with  perhaps  a  slight 
error,  which  is  constant  throughout  the  test.  For  the  same  reason,  tbe 
recorded  figures  of  elongations  cannot  be  relied  upon  to  give  correct 
moduli  of  elasticity  by  tensile  stress,  which  might  have  been  done  if  the 
error  due  to  the  bending  of  the  specimen  had  been  entirely  eliminated. 
With  the  exception  of  these  errors,  the  measurements  are  believed  to  he 
much  more  nearly  correct  than  those  of  the  first  series,  whfch  were  made 
simply  by  means  of  a  pair  of  finely-pointed  dividers  and  readings  on  a 
scale  to  Tooth  of  an  inch. 

The  results  of  the  tests  by  tensile  stress  of  the  second  series  have 
been  entirely  confirmatory  of  those  of  the  first  series  and  of  the  tests  by 
transverse  stress  of  both  series. 

The  appended  tables  contain  the  complete  records  of  the  tests  of  each 
bar.    The  following  table  presents  a  condensed  summary  of  results : 

Table  IX.— -Second  Series— Allots  op  Copper  and  Tin. 
Test*  by  Tensile  Stress. 


Composition  by 
analysis. 

Diameter  of— 

is 

•fit* 

|gj 

Tenacity    per 
square  inch 
of- 

is 
■1 

~*  Pte 
W 

Number. 

i 

a 

h 

h 

•Sfl 

ii 

Remarks. 

81A 

31B 

Mean.. 

99.40 
98.79 
99.09 

0.52 
1.22 
0.87 

Inches. 
0.708 
0.798 

Inches. 
0.770 
0.770 
0.770 

0.0170 
0.0155 
0.0163 

Pounds. 
13, 000 
15,250 
14, 125 

Pounds. 
13,  958 
16, 374 
15,166 

7,000 
6,000 
6,500 

Defective  bar. 
Do. 

32A 

32B 

Mean.. 

93.98 
94.23 
94.11 

5.47 
5.39 
5.43 

0.798 
0.798 

0.690+ 
0.  720+ 
0.705 

0. 0779 
0.  0706 
0.0743 

28,500 
27,300 
27,900 

35, 922 
32,844 
34,383 

14,000 
14,000 
14,000 

83A 

33B 

Mean.. 

88.35 
88.40 
88.41 

11.01 
11.57 
11.59 

0. 798  |  0.  776 

0. 798  ;  0.  770 

j  0.773 

0.0226 
0.0485 
0.0356 

29,000 
33, 200 
31,100 

30,658 
35.648 
33,153 

20,000 
22,000 
21,000 

84A 

34B 

Mean.. 

82.72 
82.09 
82.70 

17.33 
17.34 
17.34 

0.  798  ,  0.  795 

0.798  j  0.798 

,  0.797 

0.0071 
0.0071 
0.0071 

40,200 
32,  200 
30,200 

40,  492 
32,200 
36,346 

35A 

35B    .... 
M<*an ,  - 

77.41 
77. 7  L 
77.50 

22.27 
22.23 
22.25 

0.798  !    0.798 
0.798  '    0.798 

0.0042 
0.0066 
0.0054 

23,600 
25,  700 
24,650 

23,600 
25,700 
24,650 

1 

36A 

72.85 

72.94 
72.89 

26.80 

20.90 
26.85 

! 

6,500 

6,485 
6,493 

6,500 

6,485 
6,493 

Rectangular    section, 

36B  .     . 

0.998"X  1.002", 
Do...l.010"Xl.0M>". 

Mean .. 
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Table  IX.— Second  Series— Alloys  of  Copper  and  Tin. 
Tests  by  Tensile  Stress — Continued. 


Composition  by 
analysis. 

Diameter  of— 

il 

.2'5> 

Tenacity  per 
square  inch 
of— 

1  u 

hi 

•2*5 

-ft? 
w 

Number. 

i 

© 

i 

»0 

Id 

—  3 

o2 

TtAltlfcT^lf. 

37A 

67.66 

68.08 
67.87 

32.22 

31.98 
32.10 

Inches. 

Inches. 

Pounds. 
1,644 

3,408 
8,536 

Pounds. 
1,644 

3,408 
2,536 

Rectangular   section, 
0. 975"x0. 990". 
Do...0.982"X0.985". 

37B 

Mean .. 

38  A 

67.59 
53.69 
55.99 
62.42 

32.32 
36.27 
43.85 
37.48 

2,335 

2,335 

Do  . .  .0. 980"X0.  992". 

38C 

38B 

787 
1,561 

787 
1,561 

Do  ...0.983"X0.990". 

Mann   - 

39A 

64.21 
51.54 
57.88 

35.56 
48.54 
42.05 

1,200 
1,553 
1,377 

1,200 
1,653 
1,377 

Do  ...0.982"X0.990". 

39B  

Do  ...0.988/,X0. 997". 

Mean .. 

41A 

47.10 
47.43 
47.27 

52.86 
52.59 
52.72 

1,919 
2,894 
2,407 

1,919 
2,894 
2,407 

Do  ...0.968//X0.985//. 

41B    ... 

Do  . .  .0. 900" X0. 990". 

Mean .. 

42A 

55.21 
32.77 
43.99 

44.80 
67.02 
55.91 

2,273 
1,924 
2,098 

2,273  I 

1,924   

2,098  | 

Do  . .  .0. 992//Xl.  004". 

42B 

Do...0.995"X0.987". 

Mean .. 

43A 

43  B 

Mean .. 

37.62 
36.58 
37.10 

62.36 
63.44 
62,90 

0.798 
0.798 

0.798 
0.798 

2,800 
2,000 
2,400 

2,800  | 

2,000   

2,400  | 

44A 

44B 

Mean .. 

33.86 
27.66 
30.76 

66.01 
72.37 
69.19 

0.798 
0,798 

0.798 
0.798 

1,592 
3,052 
2,322 

1,692  ! 

8,052    

2,322  ' 

46A 

26.64 
26.61 
26.63 

73.15 
73.20 
73.17 

0.798 
0.798 

0.798 
0.798 



3,360 
5,400 
4,380 

3,360 
5,400 
4,380 

45B 

Mean .. 

46A 

22.09 
22.11 
22.10 

77.62 
77.54 
77.58 

0.798 
0.798 

4,200 
5,800 
5,000 

4,200  1 

5,827  1 

5,014  | 

46B 

Mean .. 

0.796 

0.0043 
0.6022 

47A.... 
47B 

Mean.. 

16.74 
16.66 
16.70 

83.11 
83.36 
83.23 

""0.798" 

"6.797 

2,816 

2,822 

48A 

48B 

Mean.. 

11.67 
11.70 
11.09 

88.25 
88.24 
88.24 

0.798 
0.798 

0.795 
0.795 
0.795 

6.*6iio' 

0.0055 

3,416 
4,180 
3,798 

3,440 
4,210 
3,825 

"  2,666' 

49  A 

49B 

Mean.. 

6.07 

6.03 
6.05 

93.75 

93.79 
93.77 

0.798 
0.798 

0.710 

0.680 
0.695 

0. 1742 

0.2302 
0. 2022 

6,192 

6,000 
6,096 

7,981 

8,260 
8,121 

3,200 

2,000 
2,600 

Tenacity  per  square  inch 
fractured  section  doubt* 
fill. 
Do. 

WA 

5uB 

Mean.. 

2.18 
2.03 
2.11 

97.60 
97.77 
97.68 

0.798 
0.798 

0.545 
0.530 
0.538 

0.4100 
0.3900 
0.4000 

5.600 
5,600 
5,600 

12,002 
12,691 
12,397 

1,200 
1,200 
1,200 

Do. 
Do. 

NOTES  ON  THE  TESTS  BY  TENSILE  STRESS. 

!Nb.  31. — As  was  shown  by  the  transverse  test  of  this  bar,  it  was  a  de- 
fective casting.  The  tensile  tests  also  gave  very  low  results,  and  they 
are  rejected  from  the  tables  and  iroin  the  curves  of  average  results  of 
the  series  (Plates  II,  VII,  VIII).  The  turned  surfaces  of  the  test- 
pieces  from  this  bar  revealed  a  liquation  or  separation  of  the  metals 
into  two  alloys,  or  possibly  a  heterogeneous  mixture  of  unalloyed  cop- 
per, with  an  alloy  containing  a  considerable  amount  of  tin.  The  turned 
22  t  M 


338  TE8TS   OF   METALS. 

surface  was  in  general  of  a  copper-red  color,  not  at  all  distinguishable 
from  the  appearance  of  pure  copper;  but  there  were  small  yellow  spots 
irregularly  distributed  over  the  whole  surface.  The  fractures  showed 
a  similar  appearance,  the  larger  portion  being  of  a  copper  color,  and  the 
remainder  consisting  of  a  few  yellowish-gray  spots.  The  turned  surfaces 
and  the  fractured  surfaces  also  contained  several  small  blow-holes. 

No.  32  (94.40  copper,  5.43  tin). — The  two  pieces  from  this  bar  gave 
very  similar  results,  which  show  a  fair  degree  of  strength  for  metal  of 
its  composition  cast  in  the  ordinary  manner.  The  fractures  were  of  a 
yellowish-red  color,  and  earthy  structure,  and  contained  several  very 
small  blow-holes. 

No.  33  (88.40  copper,  11.59  tin). — The  two  test-pieces  showed  a  some- 
what greater  strength  than  those  of  No.  32.  The  fractured  surfaces  were 
of  a  reddish-yellow  color,  and  earthy  structure,  and  contained  several 
very  small  blow-holes.  These  were  more  numerous  in  No.  32  A  than  in 
No.  32  B,  which  may  account  for  the  greater  strength  of  the  latter. 

No.  34  (82.72  copper,  17.33  tin).— The  average  of  the  two  tests  of  this 
bar  showed  considerably  greater  strength  than  No.  33,  but  the  piece 
from  the  bottom  of  the  bar  was  much  weaker  than  that  from  the  top, 
and  slightly  weaker  than  the  bottom  piece  of  No.  32.  This  does  not  ap- 
pear to  have  been  due  to  liquation,  as  the  analyses  of  the  turnings  from 
the  two  tension-pieces  give  almost  precisely  similar  results,  which  differ 
but  little  from  the  original  mixture.  It  may  possibly  have  been  due  to 
a  more  imperfect  mixture  of  the  metals  in  one  portion  of  the  bar  than  in 
another,  causing  a  want  of  homogeneity,  which  is  partly  indicated  by 
the  appearance  of  the  fractured  surfaces.  The  fracture  of  No.  34  A  was 
chiefly  of  a  pinkish-gray  color,  similar  to  those  of  No.  7  and  No.  8  of  the 
first  series.  The  structure  was  very  finely  granular,  with  an  indistinct 
appearance  of  radiated  lines  of  cooling.  In  the  center  was  a  spot  about 
£  inch  in  diameter,  which  had  a  mottled  mixture  of  the  pinkish-gray  and 
a  yellowish-gray  color.  The  fracture  of  No.  34  B  was  similar  to  that  of 
No.  34  A,  the  larger  part  of  the  surface  being  of  a  pinkish-gray  color 
and  fine  granular  structure,  but  without  any  radiated  lines  of  cooling. 
It  also  contained  a  spot  in  the  center,  which  in  this  case  was  not  mottled, 
but  was  of  one  color,  a  reddish  or  brownish  pray. 

The  average  tensile  strength  of  the  two  pieces  from  this  bar  is  higher 
than  that  given  by  any  other  bar  in  this  series,  and  is  also  higher  than 
that  of  any  bar  in  the  first  series,  agreeing  in  this  respect  with  the  re- 
sults of  the  transverse  tests. 

No.  35  (77.56  copper,  22.25  tin). — The  strength  of  this  bar,  as  shown  by 
the  tensile  tests,  was  much  less  than  that  of  No.  34.  The  fractures  have 
the  same  pinkish-gray  color  that  was  seen  in  No.  34,  but  a  shade  lighter. 
The  structure  shows  an  appearance  of  radiated  laminae,  very  close  and 
compact.  It  is  very  similar  to  that  of  No.  9  (69.84  copper,  29.89  tin)  of  the 
first  series,  but  the  color  is  entirely  different,  the  latter  being  nearly  a 
silver- white.  The  fractures  of  both  pieces  of  No.  35  were  precisely  alike, 
and  a  very  small  blow-hole  was  found  in  the  center  of  each. 

No.  36  (72.89  copper,  26.85  tin).— The  tensile  tests  of  this  bar  gave  re- 
sults agreeing  precisely  with  those  of  the  transverse  test,  showing  great 
brittleness  and  lack  of  strength.  The  fractures  were  similar  to  that 
obtained  by  transverse  test,  being  nearly  silver  white  in  color,  with  a 
faint  pinkish  tinge,  and  a  smooth  radiated  structure. 

Bars  No.  36  to  No.  42  (43.99  copper,  55.91  tin),  inclusive,  were  all 
tested  with  their  original  rectangular  section  unaltered,  as  they  were 
too  brittle  to  be  turned  in  the  lathe  without  danger  of  breaking.  All 
of  these  bars  gave  much  trouble  in  setting  in  the  tensile-machine,  their 


TESTS   OF  METALS.  339 

brittleness  and  hardness  being  so  great  that  the  grips  of  the  machine 
would  not  firmly  hold  them.  Most  of  them  broke  in  the  grips,  and  the 
figures  representing  their  strengths  are  therefore  in  many  cases  perhaps 
too  low.  Several  tests  were  generally  made  of  each  of  the  brittle  pieces, 
and  the  maximum  result  is  considered  to  be  the  one  most  nearly  cor- 
rect. 

No.  37  (67.87  copper,  32.09  tin). — Both  tension  pieces  were  much 
weaker  than  those  of  No.  36.  The  fractures  were  similar,  but  the  color 
was  silver- white,  entirely  free  from  any  pinkish  shade. 

No.  38  (62.42  copper,  37.48  tin). — The  two  test-pieces  from  this  bar 
showed  considerable  difference  in  structure,  due  to  liquation,  which 
has  already  been  noticed  on  page  346.  The  fracture  of  No.  38  A  was 
exactly  like  those  of  the  two  pieces  of  No.  37,  but  that  of  No.  39  was  of 
a  dark-gray  color  and  stoney  structure,  similar  to  that  of  No.  12  (62.31 
copper,  37.35  tin)  of  the  first  series,  which,  as  before  observed,  had  the 
greatest  density  of  the  series. 

No.  39  (57.87  copper,  42.05  tin). — The  average  results  given  by  the 
two  test-pieces  from  this  bar  show  it  to  be  the  weakest  of  the  series,  and 
agree  in  this  respect  with  the  result  of  the  test  by  transverse  stress. 
The  fracture  of  No.  39  A  had  a  stony  structure,  and  the  color  was  a 
mottled  mixture  of  dark  gray  and  light  gray,  showing  a  separation  into 
two  alloys.  That  of  No.  39  B  was  light  gray  throughout  and  contained 
radiated  laminae. 

No.  40  (53.46  copper,  46.54  tin). — The  pieces  remaining  from  the  test 
by  transverse  stress  were  too  short  to  be  tested  by  tension. 

No.  41  (47.27  copper,  52.72  tin). — Three  pieces  were  tested,  giving 
various  results,  but  all  showing  great  weakness  and  brittleness.  The 
fractures  of  all  the  pieces  were  alike  in  appearance,  being  light  -gray 
in  color  and  of  stony  structure,  with  indistinctly  defined  radiated  lami- 
nation. 

No.  42  (43.99  copper,  55.91  tin). — The  results  of  the  two  tests  were 
similar  to  those  given  by  No.  41.  The  fractures  were  light  gray  in  color, 
with  radiated  crystalline  structure.  The  analyses  of  chips  from  the  two 
tension  pieces  of  this  bar  showed  a  very  large  amount  of  liquation  to 
have  taken  place  in  the  casting.  This  would  scarcely  have  been  sus- 
pected from  the  appearance  of  the  fractures. 

No.  43  (37.10  copper,  62.90  tin). — This  bar  was  much  softer  than  the 
bars  from  No.  36  to  No.  42.  and  the  tension-pieces  were  turned  in  the 
lathe  without  difficulty.  The  average  of  the  results  shows  a  very  little 
greater  strength  than  that  of  No.  42.  The  fractures  were  of  a  light  gray, 
with  large  radiated  prismatic  crystals. 

No.  44  (30.76  copper,  69.19  tin). — The  two  tests  gave  results  which 
differed  considerably,  but  the  average  is  about  the  same  as  those  of  the 
two  tests  of  No.  43.  The  fractured  surfaces  also  showed  the  same  color 
and  structure. 

No.  45  (26.62  copper,  73.18  tin).— The  results  of  the  two  tests  differed 
similarly  as  those  of  No.  44,  but  both  tests  gave  much  higher  results 
than  the  average  of  the  latter,  indicating  an  approach  to  the  point  of 
u second  maximum"  strength  of  the  series.  This  was  also  shown  in  the 
tests  of  this  bar  by  transverse  stress.  The  fractures  were  of  a  light- 
gray  color,  similar  to  those  of  Nos.  42  to  44,  but  were  not  entirely  homo- 
geneous in  structure,  being  coarse  granular  at  the  exterior  portions  of 
the  surface  and  laminated  in  the  center. 

The  analyses  do  not  show  any  difference  in  composition  in  the  two 
ends  of  the  bar  sufficient  to  account  for  any  difference  in  strength  or  in 
appearance  of  the  fractures. 
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No.  46  (22.10  copper,  77.58  tin). — The  average  of  the  two  teats  shows 
still  greater  strength  than  No.  45,  but  it  is  not  high  enough  to  confirm 
the  point  of  second  maximum  strength  which  was  shown  by  the  trans- 
verse tests,  as  it  is  surpassed  by  No.  49  and  No.  50.  The  second  maxi- 
mum of  both  transverse  and  torsional  tests  is  given  by  this  bar,  and  bar 
No.  21  (23.35  copper,  76.29  tin)  gave  the  second  maximum  in  the  first 
series  by  all  three  methods  of  test.  The  results  of  the  test  of  No.  46  by 
tensile  stress  must  therefore  be  regarded  as  exceptional,  in  so  far  as  they 
give  less  strengths  than  No.  49  and  No.  50.  The  curves  of  the  strengths 
of  the  series  by  the  different  methods  of  test,  moreover,  show  the  tensile 
test  of  No.  49  and  No.  50  to  give  higher  results  than  the  other  methods 
of  test  of  the  same  bar.  This  may  probably  be  accounted  for  by  the 
greater  rapidity  of  the  tests  of  No.  49  and  No.  50,  which  was  purposely 
made  in  order  to  eliminate  the  effect  of  flow  of  the  metal  with  time.  The 
pieces  of  No.  46  being  of  small  ductility,  the  effect  of  time  was  not  so 
perceptible. 

The  fractures  of  No.  46  were  very  similar  to  those  of  No.  45,  sEowing 
want  of  homogeneity  of  structure,  part  being  granular  and  part  lami- 
nated. This  may  account  for  the  weakness  and  irregularity  of  strength, 
as  in  the  first  series  the  second  maximum  strength  was  associated  with 
a  homogeneous  granular  structure. 

No.  47  (16.70  copper,  83.23  tin). — Only  one  piece  was  tested  from  this 
bar,  No.  47  B,  the  other  having  been  broken  in  handling  before  being 
tested.  It  had  a  less  strength  than  either  of  the  pieces  of  No.  46,  and 
had  a  somewhat  similar  structure,  being  irregularly  lamellar  and  crys- 
talline. 

No.  48  (11.68  copper,  88.25  tin). — The  two  pieces  showed  very  little 
greater  strength  than  No.  47  B.  The  fractures  show  the  change  in 
structure  seen  in  those  of  the  first  series  just  before  the  metals  begin  to 
exhibit  great  ductility,  being  fine  granular,  with  small  brilliant  points 
scattered  over  the  surface. 

No.  49  (6.05  copper,  93.77  tin). — Both  test-pieces  gave  very  similar  re- 
sults and  higher  than  the  average  of  No.  46,  thus  apparently  making 
No.  49  the  bar  of  second  maximum  strength  of  the  series,  as  stated  in 
remarks  on  the  test  of  No.  46.  These  pieces  showed  great  ductility,  the 
elongations  being  17  and  23  per  cent,  of  the  original  length.  The  section 
was  also  greatly  reduced,  and  the  resistance  to  stress  decreased  before 
rupture,  making  the  actual  tenacity  per  square  inch  of  the  fractured 
section  uncertain.  The  same  fact  has  been  commented  upon  when  de- 
scribing tests  by  tensile  stress  of  the  first  series. 

No.  50  (2.11  copper,  97.68  tin).— The  results  of  the  two  tests  of  this  bar 
were  similar  to  those  of  No.  49,  but  they  showed  a  somewhat  less  strength, 
with  a  much  greater  ductility,  the  elongations  amounting  to  39  and  41 
per  cent.  The  pieces  were  greatly  reduced  in  diameter  throughout  their 
whole  lengtbs,  and  their  surfaces  were  much  distorted  and  wrinkled. 
The  strength  of  the  bar  as  indicated  by  the  tensile  tests  is  much  greater 
than  that  shown  by  the  transverse  and  torsional  tests,  probably  on  ac- 
count of  the  shorter  length  of  time  occupied  by  the  former  method  of 
test. 

TESTS  BY  TORSIONAL  STRESS. 

The  tests  by  torsional  stress  of  the  second  series  of  copper  and  tin 
alloys  were  made  upon  the  Autographic  Recording  Torsion  Machine  de- 
scribed under  the  tests  of  first  series.    (Fig.  8,  page  302.) 
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In  making  tests  of  ductile  metals,  the  rate  of  motion  given  to  the  handle 
of  the  worm,  except  when  a  slow  or  a  rapid  motion  was  purposely  given 
to  determine  its  effect,  was  as  uniformly  as  possible,  one  revolution  in 
10  seconds.  As  the  worm-wheel  contained  80  teeth,  this  caused  a  rate 
of  motion  of  the  axle  of  the  worm-wheel,  and  of  the  wrench  at  one  end 
of  the  test  specimen,  of  one  revolution  in  about  13  minutes.  In  testing 
the  brittle  metals  and  the  ductile  metals  within  the  elastic  limit  the  rate 
of  motion  was  always  much  slower. 

The  autographic  strain  diagrams  obtained,  one  for  each  test,  accompany 
this  report,  and  tables  giving  the  strength,  ductility,  and  resilience  of 
each  specimen  as  calculated  from  the  diagrams  are  appended. 

The  average  results  of  all  the  test  specimens  obtained  from  each  bar 
are  given  in  the  following  table: 


Table  X.— Second  Skbibs— Alloys  of  Copper  and  Tin. 

Tests  by  Torsional  Stress — Averages  of  Results  calculated  from  the  Autographic 
Strain  Diagrams, 
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It  will  be  seen  by  the  above  table  that  the  tests  by  torsional  stress 
confirmed  the  results  obtained  by  the  tests  by  transverse  and  tensile 
stresses,  and  also  those  obtained  from  the  teste  of  the  first  series. 

The  maximum  strength  is  given  by  No.  34  (82.72  copper,  17.33  tin). 
There  is  a  rapid  decrease  of  strength  from  No.  35  (77.56  copper,  22.25 
tin)  to  No.  36  (72.89  copper,  26.85  tin),  and  then  a  much  slower  decrease 
to  No.  40  (53.46  copper,  46.54  tin),  the  weakest  of  the  series.  From  this 
point  to  No.  46  (21.60  copper,  77.58  tin)  there  is  a  slow  and  somewhat 
irregular  increase  up  to  a  second  maximum,  and  from  No.  46  to  the  end 
of  the  series  another  decrease  to  the  second  minimum. 

[Referring  to  the  autographic  strain  diagrams  and  the  appended  tables, 
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in  connection  with  the  above  table  of  average  results,  the  following  ob- 
servations may  be  made  on  the  tests  of  the  pieces  from  each  bar : 

No.  31,  Plate  LIV  (99.09  copper,  0.87  tin). — Four  pieces  were  tested, 
all  of  which  were  defective  in  consequence  of  blow-holes  and  the  separa- 
tion of  the  metals.  The  results  are  therefore  rejected  in  the  table  of 
final  summary  of  results  (Table  — )  and  from  the  curves  of  strength 
of  the  series.  The  fractures  were  copper-red,  only  two  small  spots  of  a 
yellowish  alloy  being  found  in  one  of  them.  The  turned  surfaces  showed 
the  same  appearance  which  was  noted  under  the  tensile  test,  viz,  a  num- 
ber of  yellowish  spots  scattered  at  intervals  over  the  otherwise  uniformly 
copper-colored  surface,  indicating  a  separation  either  into  two  alloys,  or 
into  copper  and  one  alloy.  Its  strength  is  very  much  less  than  that  of 
the  copper  piece,  No.  30,  and  nearly  the  same  as  that  of  the  copper,  No. 
1,  which  was  oxidized  and  full  of  blow-holes. 

No.  32,  Plates  LIV,  LV,  LVI  (94.10  copper,  5.43  tin).— The  four  pieces 
tested  were  all  fair  specimens  and  gave  results  which  are  nearly  alike, 
the  maximum  torsional  movement  varying  from  150  to  165  foot-pounds, 
and  the  angles  of  torsion  from  153  to  207  degrees.  The  fractures  were 
all  similar,  being  of  a  yellowish -red  color  and  earthy  structure,  and  con- 
taining a  few  very  small  blow-holes. 

The  effect  of  long-continued  stress  was  tried  in  the  torsion  tests  of 
three  pieces  of  No.  32,  lettered  A,  B,  C.  No.  32  A  was  left  under  stress 
15  minutes,  and  No.  32  B  one  hour.  In  each  of  these  cases  no  change  of 
the  shape  of  the  diagram  could  be  detected,  the  pencil  remaining  in  the 
position  in  which  it  was  left  during  the  whole  time.  No.  32  O  was  left 
for  26  hours,  after  it  had  been  twisted  through  more  than  100  degrees. 
In  that  time  the  pencil  fell  less  than  one-tenth  of  an  inch,  indicating  a 
decrease  of  resistance  of  about  5  per  cent,  of  the  maximum  stress.  On 
resuming  the  test,  the  diagram  rose  again  to  just  beyond  its  original 
height. 

No.  33,  Plates  LV1I,  LVIII  (88.40  copper,  11.59  tin).— The  four  pieces 
tested  gave  results  closely  agreeing  with  each  other,  showing  a  some- 
what greater  strength  and  a  much  less  ductility  than  No.  32.  The  frac- 
tures were  similar  in  color  and  texture  to  those  by  tensile  stress.  No. 
33  D  was  left  under  stress  for  15  hours  without  showing  any  fall  in  the 
diagram.  On  resuming  the  test  the  line  retained  the  same  direction  it 
had  before,  thus  showing  no  decrease  of  resistance  with  time. 

No.  34,  Plate  LVIII  (82.72  copper,  17.33  tin).— Four  pieces  were  tested, 
the  average  result  showing  the  highest  strength  of  the  series,  thus  con- 
firming the  results  shown  by  the  transverse  and  tensile  tests.  The  duc- 
tility was  very  much  less  than  that  of  No.  33,  the  average  angle  of  torsion 
being  only  14  degrees.  The  fractures  were  of  a  pinkish-gray  color  and 
granular  structure.  All  of  the  fractures  showed  some  dark  brownish- 
yellow  spots  in  the  center,  indicating  a  want  of  homogeneity,  and  possi- 
bly a  lateral  separation  of  the  metals. 

No.  35,  Plate  LVIII  (77.56  copper,  22.25  tin).— Four  pieces  were  tested, 
giving  results  which  varied  considerably,  the  torsional  moment  of  No.  35 
B  being  215  foot-pounds,  and  that  of  No.  35  O  104  foot-pounds.  The 
lower  strength  of  No.  35  O  an<l  No.  35  D  may  possibly  be  accounted  for 
by  the  method  of  making  the  tests,  as  with  these  pieces  a  special  experi- 
ment was  made  with  the  machine  to  determine  the  character  of  the  dia- 
gram made  by  a  very  rapid  motion  while  a  brittle  piece  was  under  stress. 
The  effect  is  seen  in  the  curvature  toward  the  horizontal  of  the  diagram 
of  No.  35  O,  and  in  the  irregularity  of  the  diagram  of  No.  35  D.  The 
average  result  of  the  four  tests  shows  a  considerably  less  strength  than 
that  of  No.  34,  as  was  also  shown  by  the  tensile  and  transverse  tests. 
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The  fractures  were  all  similar  in  appearance,  being  of  a  light- gray  color 
and  very  fine  granular  structure. 

No.  36,  Plate  LIX  (72.89  copper,  26.85  tin).— Two  pieces  only  were 
tested  from  this  bar.  It  was  so  hard  and  brittle  that  it  could  not  be 
turned  in  the  lathe  without  danger  of  breaking.  The  torsion  pieces  were 
therefore  shaped  by  grinding  on  an  emery  wheel,  as  were  those  from  No. 
37  to  No.  41.  They  were  ground  merely  to  a  circular  section  of  a  little 
less  than  one  inch  in  diameter.  The  strength  as  obtained  from  the  dia- 
gram is  reduced  to  equivalent  strength  of  apiece  of  standard  size  (0.625 
inch  diameter)  by  dividing  by  the  ratio  of  the  cube  of  the  diameter  of 
the  piece  tested  to  the  cube  of  0.625. 

The  two  pieces  from  bar  No.  36  gave  nearly  similar  results,  the  strength 
being  less  than  one-fourth  of  that  of  the  average  of  No.  35.  The  dia- 
grams, like  all  those  of  brittle  materials,  are  almost  straight  lines 
slightly  inclined  from  the  vertical.  The  fractures  are  of  a  very  light 
pinkish-gray  color,  and  show  some  appearance  of  radiated  laminae  simi- 
lar to  the  fractures  by  transverse  and  tensile  stresses. 

No.  37,  Plate  LIX  (67.87  copper,  32.09  tiu). — Two  pieces  were  tested 
which  gave  considerably  less  streugth  than  No.  36.  The  fractures  were 
brilliant  silver  white,  vitreous  and  conchoidal. 

No.  38,  Plate  LIX  (62.42  copper,  37.48  tin).— Two  pieces  were  tested, 
one  from  the  bottom  and  one  from  the  top,  which  gave  widely  different 
results.  No.  38  A  showed  a  torsional  strength  of  35.44  foot-pounds  of 
moment  (when  reduced  to  the  standard),  which  is  nearly  that  of  the 
average  of  the  pieces  from  No.  36.  The  fracture  was  almost  precisely 
similar  to  that  of  No.  37.  No.  38  B  gave  only  2.95  foot-pounds  torsional 
moment,  which  is  much  lower  than  that  of  auy  piece  yet  noted.  Its 
fracture  showed  it  to  be  an  entirely  different  metal  from  No.  38  A,  being 
dark  gray  in  color  and  stony  in  structure,  closely  resembling  in  appear- 
ance the  fracture  of  No.  12  (62.31  copper,  37.35  tin)  of  the  first  series, 
the  bar  of  maximum  density  as  before  described.  It  was  Dot,  however, 
perfectly  homogeneous  in  color,  some  portions  being  of  a  lighter  shade 
of  gray  than  others  and  less  brilliant. 

The  liquation  of  the  metals  in  this  bar  has  already  been  noticed, 
and  the  torsion  tests  fully  confirm  the  record  of  the  tests  by  tension, 
No.  38  B  showing  the  lowest  tensile  strength  of  the  series.  The  average 
of  the  two  results  gives  a  strength  less  than  that  of  No.  37  and  greater 
than  that  of  No.  39,  thus  making  no  irregularity  in  the  table  of  aver- 
ages, given  above. 

No.  39,  Plate  LIX  (57.87  copper,  42.05  tin).— Only  one  piece  was 
tested  from  this  bar,  the  other  pieces  having  been  broken  in  turning  or 
shaping  on  the  emery  wheel.  Its  strength  was  much  less  than  the 
average  of  the  two  pieces  of  No.  38.  The  fracture  was  of  a  light-gray 
color,  with  a  stony  structure,  and  with  radiated  lines  of  cooling. 

No.  40,  Plate  LIX  (53.46  copper,  46.54  tin). — Two  pieces  were  tested, 
giving  an  average  strength  less  than  that  of  No.  39,  and  the  lowest  of 
the  series.  The  fractures  were  scarcely  distinguishable  from  that  of 
No.  39. 

No.  41,  Plate  LIX  (47.27  copper,  52.72  tin)  —Two  pieces  were  tested, 
giving  results  nearly  alike,  the  average  being  much  higher  than  that  of 
No.  40.    The  fractures  were  very  similar  to  those  of  No.  39  and  No.  40. 

No.  42,  Plate  LIX  (43.99  copper.  55.91  tin). — Three  pieces  were  tested, 
which  diiFered  considerably  in  strength,  the  pieces  A,  B,  and  O  giving 
torsional  moments  of  20.84, 16.11,  and  11.75  foot-pounds,  respectively. 
The  average  is  less  than  that  of  No.  41,  making  an  irregularity  in  the 
table  of  averages.    The  weakness  of  the  pieces  No.  42  B  and  No.  42  O 
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seems  to  be  caused  by  a  difference  in  structure,  the  fraetnres  of  these 
pieces  showing  confusedly  radiated  laminae,  while  that  of  No.  42  A  is 
compact  and  stony,  similar  to  that  of  No.  41.  The  difference  in  strength 
and  appearance  is  fully  accounted  for  by  the  analyses,  which  show  that 
a  great  amount  of  liquation  took  place  in  the  casting  of  this  bar, 
the  composition  of  top  and  bottom  varying  more  than  20  per  cent. 

No.  43,  Plate  L1X  (37.10  copper,  62.90  tin). — Four  pieces  were  tested, 
the  metal  being  soft  enough  to  be  turned  in  the  lathe  to  pieces  of  stand- 
ard size.  The  strength  was  quite  irregular,  and  the  average  was  less 
than  that  of  No.  42.  The  fractures  were  of  a  light-gray  color,  with 
large  radiated  prismatic  crystals. 

No.  44,  Plate  LX  (30.70  copper,  69.19  tin). — Four  pieces  were  tested, 
which  gave  results  widely  varying.  No.  44  A  had  a  maximum  tor- 
sional moment  of  only  683  footpounds,  and  No.  44  B  a  moment  of 
30.29  foot-pounds.  The  average  of  the  four  pieces  was  much  higher 
than  that  of  No.  43.  The  fraetures  were  all  crystalline,  the  crystals  of 
No.  44  A  being  much  larger  than  those  of  the  other  pieces.  From  the 
fact  that  the  torsion  pieces  from  the  upper  end  of  each  of  the  bars,  Nos. 
44,  45,  46,  and  47,  were  weaker  than  those  of  the  other  pieces  from  the 
same  bars,  it  appears  probable  that  the  weakness  is  due  either  to  differ- 
ence in  pressures  of  the  molten  metal  at  the  top  and  bottom  of  the 
mold,  or  to  differences  in  the  rate  of  cooling,  or  possibly  to  both.  This 
irregularity  of  strength  of  all  the  white  crystalline  alloys  has  been 
noted  already  in  the  tests  of  the  first  series. 

No.  45,  Plate  LX  (26.62  copper,  73.18  tiu).— Three  pieces  were  tested, 
showing  considerable  irregularity  in  strength,  No.  45  A  having  less  than 
half  of  the  strength  of  No.  45  C.  The  fractures  were  irregularly  lami- 
nated and  crystalline.  The  average  strength  was  much  higher  than  that 
of  No.  44,  showing  the  approach  to  the  second  maximum  of  strength. 

No.  46,  Plate  LX  (22.10  copper,  77.58  tin). — Four  pieces  were  tested, 
giving  an  average  strength  greater  than  that  of  No.  45,  and  showing 
the  point  of  second  maximum  strength  of  the  series,  which  confirms 
the  tests  by  transverse  stress.  The  piece  No.  46  A  had  a  much  less 
strength  than  either  of  the  other  pieces,  but  it  does  not  affect  the  aver- 
age sufficiently  to  place  it  below  the  second  maximum.  The  fractures 
were  similar  to  those  of  No.  45. 

No.  47,  Plate  LX  (16.70  copper,  83.23  tin).— Four  pieces  were  tested, 
giving  a  somewhat  less  strength  than  No.  46.  The  piece  No.  47  A  had 
only  17.35  foot  pounds  torsional  moment,  while  the  pieces  B,  C,  and  D 
had  27.59,  25.03,  and  27.59  pounds,  respectively.  The  fractures  were 
largelv  granular  in  the  center  and  laminated  at  the  edges. 

No/48,  Plate  LXI  (11.68  copper,  88.25  tin).— Four  pieces  were  tested, 
which  all  gave  results  agreeing  very  closely.  The  average  strength  of 
the  four  pieces  is  a  little  higher  than  that  of  No.  47,  but  less  than  that 
of  the  three  pieces  of  No.  47  marked  B,  O,  D. "  The  slight  irregularity 
in  the  decrease  of  strength  of  the  series  from  No.  46  to  No.  50  is  due, 
therefore,  entirely  to  the  exceptional  weakness  of  No.  47  A.  These 
pieces  exhibited  much  greater  ductility  than  No.  46.  The  fractures 
were  in  a  plane  perpendicular  to  the  axis  of  the  specimen,  a  character- 
istic of  the  torsional  fractures  of  all  ductile  metals.  They  were  of  a 
light  gray  color  and  fine  granular  structure. 

No.  49,^  Plates  LXI,  LXII,  LXIII  (6.05  copper,  93.77  tin),— The  four 
pieces  gave  an  average  strength  considerably  less  than  that  of  No.  48, 
confirming  the  law  of  gradual  decrease  toward  the  end  of  the  series. 
They  were  very  ductile,  twisting  through  angles  of  from  125  to  221  de- 
grees before  breaking.    The  turned  surfaces  became  much  distorted  and 
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the  plane  surfaces  of  fracture  were  polished  by  rubbing  together  as  rap* 
ture  took  place. 

No.  50,  Plates  LX1V,  LXV,  LXVI,  LXYH  (2.11  copper,  97.68  tin).— 
The  average  strength  of  the  four  pieces  tested  was  less  than  that  ot  No. 
49,  giving  the  i>oint  of  second  minimum  strength  of  the  series.  The 
pieces  were  very  ductile,  twisting  through  323  to  424  degrees.  The 
turned  surfaces  and  surfaces  of  fracture  were  similar  to  those  of  No.  49. 

In  testing  some  of  the  pieces  of  No.  49  and  No.  50,  experiments  were 
made  to  show  the  effect  of  rapid  and  of  slow  motion,  and  of  leaving 
under  stress  for  a  length  of  time,  with  the  same  results  as  were  shown 
in  the  tests  by  torsion  of  the  ductile  metals  of  the  first  series,  and  also 
by  the  tensile  and  transverse  tests,  viz,  the  increase  of  resistance  to 
rapid  motion,  and  the  decrease  of  resistance  on  being  left  under  stress 
for  a  time.  The  diagrams  show  very  plainly  the  results  of  these  "  time 
tests." 

4  TESTS  BY  COMPRESSION. 

The  pieces  were  carefully  prepared,  like  those  of  the  first  series,  of  a 
uniform  size  of  2  inches  in  height  and  0.625  inch  in  diameter,  with  their 
ends  made  plane  surfaces  perpendicular  to  the  axis.  The  tests  were 
made  in  the  machine  (Fig.  G,  p.  292),  to  which  an  attachment  had  been 
added  for  the  purpose.  The  measurements  were  made  with  great  ac- 
curacy by  means  of  the  apparatus  (Fig.  13)  described  on  page  326.  It 
was  found  that  the  point  and  moment  of  contact  could  be  determined 
more  rapidly  and  with  even  greater  accuracy  by  connecting  a  battery 
and  signal  and  letting  the  contact  of  the  end  of  the  micrometer-screw 
complete  the  circuit. 

Tables  are  appended  giving  the  results  of  the  test  of  each  bar,  and 
the  following  table  (Table  Xa)  presents  a  summary  of  all  results  of  these 
tests  of  alloys,  and  also  of  several  extra  bars  of  cast  copper: 

Table  Xa.— Second  Series—Alloys  of  Copper  and  Tin. 
Tests  by  Compressive  Stress. 


Number. 


Composition  by  Load  per  square  inch  causing 
analysis.  a  compression  of— 


! 


1 


i 
t 


r 

3 


& 


Remarks. 


31... 

38... 

33... 

34... 

35... 

43... 

44... 

4". . . . 

46... 

47... 

48... 

51  B 

52... 

53... 


99.00 

91.11 

88.40 

82.72 

77.56 

37.10 

80.76 

26.62 

22.10 

16.70 

11.68 

Cast  copper. 

do 

do 


0.87 
5.43 
11.59 
17.33 
22.25 
6*2.90 
69.  19 
73.18 
77.58 
83  23 


Pounds. 
32,500 
39, 000 
45,000 
84,000 
130, 379 


80,000 
30, 000 
85,000 


Pounds. 
42,000 
40,000 
58,670 
104, 000 
149,932 


Pounds. 

52,000 

65,000 

91,266 

136,898 


86,000 
87,000 
48,000 


50,000 
50,000 
65,000 


Pounds. 

81,485 

130, 379 

143, 417 

143, 417 

149, 932 

6,519 

16, 297 

16, 297 

10.207 

9,778 

13,038 

104, 303 

91,266 

97,785 


.4400 
.4665 
.3455 
.  1910 
.1013 
.0025 
.0040 
.0091 
.0113 
.0025 
.0305 
.5154 
.4814 
.4122 


Pounds. 

42,000 

46,000 

58,670 

104,303 

140, 932 

6,  519 

16, 297 

16, 297 

16, 297 

9,778 

13,  038 

36,000 

37,000 

48,000 


Cracked. 

Crashed. 

Do. 


Flattened. 
Do. 
Do. 


The  following  observations  were  noted  inconnectiouwith  the  individual 
tests.    The  manner  in  which  they  yielded  under  the  pressures  applied  to 
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them  is  shown  in  Plate  XXI,  and  a  record  and  comparison  of  all  results 
of  both  series  is  given  by  the  curves  of  Plate  IV. 

The  increments  of  pressure  upon  the  test-pieces  were  1,000  pounds  for 
the  weaker  alloys  and  2,000  for  the  stronger,  which  for  a  diameter  of 
0.625  correspond  respectively  to  pressures  of  3,259  and  6,519  pounds  per 
square  inch. 

No.  31  (99.09  copper,  0.87  tin).— A  comparison  of  the  plotted  curves 
of  Nos.  31  and  1  (copper)  shows  much  similarity,  with  an  increased  resist- 
ance to  compression  on  the  part  of  No.  31.  The  test  was  ended  at  a 
pressure  of  81,485  pounds  per  square  inch  by  the  cracking  of  a  wedge- 
shaped  pieceat  the  top  and  a  similar  one  at  the  bottom.  The  compression 
at  this  point  was  0.8801  inch.  The  piece  was  considerably  bent.  The 
diameter  of  its  oval  section  varied  from  0.79  to  0.84  inch. 

No.  32  (94.11  copper,  5.43  tin). — The  compression  of  the  pie«:e  was  not 
measurable  until  it  bad  been  subjected  to  a  pressure  of  19,557  pounds 
per  square  inch,  which  caused  a  compression  of  0!0001  inch.  At  26,075 
pounds  per  square  inch  the  compression  was  0.0108  inch,  its  apparent 
elastic  limit,  as  shown  by  the  curve,  being  near  this  pressure.  The  piece 
was  removed  after  being  subjected  to  a  pressure  of  130,379  pounds  per 
square  inch,  which  caused  a  compression  of  0.9330  inch.  It  was  much 
bent.  It  had  none  but  mere  surface  cracks.  Its  section  was  slightly 
oval,  with  diameters  varying  from  0.80  to  0.86  inch. 

No.  33  (88.40  copper,  11.59  tin). — The  apparent  elastic  limit  was  at 
about  30,000  pounds  per  square  inch.  Under  a  pressure  of  32,595  pounds 
per  square  inch  the  compression  was  0.0374  inch.  Beyond  this  point  the 
amount  of  compression  continued  very  nearly  proportional  to  the  pres- 
sure until  a  compression  of  0.6911  inch  under  a  pressure  of  143,417  pounds 
per  square  inch  was  reached,  when  the  piece  was  removed.  The  speci- 
men was  bent,  the  surface  quite  uniformly  mottled  or  wrinkled,  but 
showed  no  sign  of  fracture,  and  would  evidently  have  resisted  a  consid- 
erably greater  pressure  and  compression.  Its  section  was  nearly  circular 
and  had  increased  to  a  diameter  of  from  0.72  to  0.74  inch. 

No.  34  (82.72  copper,  17.33  tin). — The  first  point  at  which  a  marked 
change  in  the  direction  of  the  plotted  curve  can  be  observed  is  at  the 
pressure  of  58,671  pounds  per  square  inch,  which  gave  a  compression  of 
0.0268  inch.  A  pressure  of  71,709  pounds  per  square  inch  caused  a  com- 
pression of  0.0628  inch.  From  this  point  to  the  end  of  the  test  the  com- 
pressions, as  shown  by  the  curve,  were  proportional  to  the  pressures. 
The  greatest  compression  obtained  was  0.3821  inch,  caused  by  a  pressure 
of  136,898  pounds  per  square  inch.  A  pressure  of  143,417  pounds  per 
square  inch  caused  a  wedge,  whose  base  was  the  full  size  of  the  diameter 
of  the  piece,  to  separate  from  the  top,  the  pressure  upon  the  surfaces  as 
they  slid  upon  each  other  burnishing  them.  A  semi-cylindrical  piece 
about  0.4  inch  in  height  flew  off  from  the  bottom.  Cracks  extended 
upward  to  the  middle.  The  piece  was  but  slightly  bent.  The  diameter 
had  increased  to  from  0.67  to  0.69  inch. 

No.  35  (77.56  copper,  22.25  tin). — This  piece  proved  to  be  the  strongest 
of  either  series.  It  withstood  pressures  up  to  91,260  pounds  per  square 
inch  and  a  compression  of  0.0190  inch  before  the  ratio  of  compression  to 
pressure  began  to  increase  and  to  show  that  the  apparent  limit  of  elastic- 
ity had  been  passed.  The  piece,  however,  withstood,  without  yielding, 
the  utmost  pressure  that  could  be  brought  to  bear  upon  it  by  the  testing 
machine.  The  maximum  compres>ion  was  0.2027  inch,  produced  by  a 
pressure  of  149,932  pounds  per  square  inch.  The  surface  was  slightly 
wrinkled  and  showed  a  few  surface  cracks.    A  bend  could  be  just  dis- 
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tinguished.    The  section  remained  circular  and  measured  0.69  inch  in 

ti  i  o>m  ft  tf*i* 

No.  36  (72.89  copper,  26.86  tin)  to  No.  42  (43.99  copper,  55.91  tin)  gave 
no  definite  results,  as  they  crumbled  under  slight  pressure. 

No.  43  (37.10  copper,  69.19  tin). — This  piece  was  weak  and  brittle.  A 
pressure  of  6,519  pounds  caused  a  compression  of  0.0051  inch.  On 
adding  the  next  weight,  which  brought  to  bear  a  pressure  of  13,038 
pounds  per  square  inch,  the  bottom  crumbled  into  fragments.  The 
upper  portions  were  unchanged  in  appearance  or  size. 

No.  44  (30.76  copper,  69.19  tin)  behaved  in  the  same  manner  as  No. 
43.  It  was  somewhat  stronger,  sustaining  a  pressure  of  13,038  pounds 
per  square  inch  and  a  corresponding  compression  of  0.0081  inch.  A 
pressure  of  16,297  pounds  per  square  inch  was  brought  upon  it,  which 
it  resisted  just  long  enough  to  hit  the  scale-beam,  when  it  yielded  by 
pieces  breaking  from  the  top.  The  surface  presented  a  slightly  wrinkled 
appearance  and  the  diameter  was  increased  to  0.61  inch. 

No.  45  (26.62  copper,  73.18  tin)  was  similar  to  No.  44,  but  somewhat 
more  yielding,  a  pressure  of  13,038  pounds  compressing  it  0.0182  inch. 
A  pressure  of  16,297  pounds  per  square  inch  had  just  raised  the  scale- 
beam,  when  pieces  broke  from  the  middle  of  the  specimen.  The  diam- 
eter and  the  appearance  of  the  remaining  portion  was  unchanged. 

No.  46  (22.10  copper,  77.58  tin)  behaved  much  like  Nos.  44  and  45,  but 
showed  a  little  more  ductility.  A  pressure  of  13,038  pounds  per  square 
inch  caused  a  compression  of  0.0227  inch.  It  was  crushed  by  a  pressure 
of  16,297  pounds,  which  forced  off  wedge-shaped  pieces  near  the  bottom. 
The  upper  portion  of  the  specimen  was  not  changed  in  diameter  or 
appearance. 

No.  47  (16.70  copper,  83.23  tin)  was  weak  and  brittle;  a  pressure  of 
6,519  pounds  per  square  inch  caused  a  compression  of  0.0051  inch. 
Under  a.  pressure  of  9,788  pounds  per  square  inch  wedge-shaped  pieces 
broke  out  from  the  middle. 

No.  48  (11.68  copper,  88.25  tin). — This  piece  was  very  weak,  but  less 
brittle  than  the  four  preceding  specimens.  A  pressure  of  9,778  pounds 
per  square  inch  compressed  it  0.0611  inch.  A  pressure  of  13,038  pounds 
per  square  inch  caused  it  to  yield  in  three  portions ;  the  top  and  bottom 
parts  being  wedge-shaped,  with  the  points  of  the  wedges  meeting  and 
having  bases  the  full  size  of  the  diameter  of  the  specimen,  and  the 
remaining  or  middle  portion  being  in  one  piece,  and  the  whole  welded 
together. 

No.  51  (cast  copper). — A  pressure  of  19,557  pounds  per  square  inch 
caused  a  compression  of  0.0089  inch.  A  pressure  of  26,075  pounds  per 
square  inch  caused  a  compression  of  0.0573  inch.  The  change  in  the  curve 
which  seemed  to  mark  the  elastic  limit  occurs  between  these  two.  Be- 
yond- the  last-named  observation,  and  until  the  piece  was  removed,  the 
ratio  of  compression  to  pressure  continued  nearly  constant,  as  is  shown 
by  the  plotted  record,  which  is  nearly  a  straight  line  up  to  the  point  cor- 
responding to  a  pressure  of  71,705  pounds  per  square  inch,  where  an  in- 
crease of  resistance  is  observed.  The  maximum  pressure  was  104,303 
pounds  per  square  inch  and  the  maximum  compression  was  1.0308  inch. 

No.  52  (cast  copper)  offered  a  resistance  very  similar  to-No.  51.  The 
apparent  elastic  limit  was  between  the  same  pressures.  The  pressure 
was  carried  up  to  91,266  pounds  per  square  inch,  causing  a  compression 
of  0.9628  inch.  The  pfece  flattened  and  bent  considerably.  The  section 
was  oval,  and  the  diameters  varied  from  0.84  to  0.91  inch. 

No.  53  (cast  copper)  showed  greater  resistance  to  compression  than 
either  Nos.  51  and  52.    A  change  in  direction  of  the  plotted  curve  occurs 


348  TESTS   OF  METALS. 

at  the  same  pressures  as  noted  in  the  last-named  tests,  bat  it  is  not 
marked;  the  line  sho wring  a  gradual  curve  up  to  55,000  pounds  per 
square  inch.  The  maximum  pressure  applied  was  97,785  pounds  per 
square  inch,  and  the  compression  caused  by  that  pressure  was  0.8244 
inch. 

ANALYSES  AM)  SPECIFIC  GRAVITIES. 

The  following  tables  give  the  results  of  the  chemical  analyses  and  de- 
terminations of  specific  gravity  which  were  made  of  portions  of  each  bar 
tested,  in  both  the  first  and  second  series. 

The  analyses  were  made  from  the  turnings  and  chips  made  in  shaping 
the  specimens  for  test  by  tensile  stress,  two  samples  lor  analysis  being 
thus  taken  from  each  bar.  In  some  cases  in  which  liquation  was  plainly 
seen  from  the  appearance  of  the  fracture,  analyses  were  made  of  three 
portions  of  the  bar. 

The  specific  gravity  determinations  were  made  of  pieces  weighing 
from  50  to  75  grammes,  taken  from  the  cylindrical  portion  of  the  broken 
tensile-test  pieces.  The  pieces  of  the  more  ductile  specimens  were  taken 
from  the  portion  of  the  test-piece  farthest  from  the  point  of  fracture, 
and  therefore  least  distorted  by  the  stress.  Care  was  taken  to  secure 
pieces  as  free  from  blow-holes  as  possible,  but  in  some  cases  this  could 
not  be  done,  and  the  results  are  therefore  too  low,  as  those  which  are 
indicated  in  the  tables  by  an  asterisk. 

In  determining  the  specific  gravities,  the  pieces  were  first  washed  in 
alcohol  to  free  them  from  any  dirt  or  grease  which  might  be  attached  to 
them,  and  then  thoroughly  dried.  The  weighings  were  made  on  a  Becker 
&  Son's  chemists'  balance,  which  was  sensitive  to  iV  of  a  milligramme. 
Before  weighing  in  water,  the  pieces  were  boiled  for  two  or  three  hours, 
to  remove  as  far  as  possible  the  air  inclosed  in  the  pores  of  the  metal, 
and  after  cooling  in  the  dish  in  which  they  were  boiled  they  were  placed 
under  the  receiver  of  an  air-pump,  and  the  air  was  further  exhausted. 
They  were  then  rapidly  transferred  to  the  beaker  of  distilled  water,  in 
which  they  were  weighed,  being  suspended  by  a  loop  of  very  tine  plati- 
num wire  from  the  arm  of  the  balance.  The  water  in  which  they  were 
weighed  was  always  kept  at  the  same  level,  and  the  proper  correction 
was  made  for  the  weight  of  the  platinum  wire. 

The  results  given  in  the  table  are  corrected  for  the  temperature  of  the 
water,  being  reduced  to  the  standard  of  water  of  maximum  density 
(39°  1  Fahr.). 

It  will  be  seen  that  the  bars  which  have  been  described  under  the  re- 
marks on  the  tests  as  being  full  of  blow-holes  give  low  specific  gravities, 
and  it  seems  probable  that  all  the  figures  of  all  the  bars,  from  No.  1  to 
No.  9  and  No.  30  to  No.  34,  are  lower  than  the  true  specific  gravities  of 
the  metal. 

To  determine  the  effect  of  the  porous  structure  in  reducing  the  appar- 
ent specific  gravity,  a  special  determination  was  made  of  No.  6  A  (87.15 
copper,  12.69  tin)  in  the  shape  of  turnings.  It  will  be  rememberea  that 
the  test  specimen  with  this  number  showed  a  separation  of  the  metals 
into  two  distinct  alloys,  which  appeared  intimately  mixed  in  the  fractured 
surface.  The  piece  whose  specific  gravity  was  determined  to  be  only 
8.408  as  given  in  the  tables,  was  apparently  free  from  blow-holes  of  any 
appreciable  size,  but  the  fracture  had  a  porous  appearance.  Five  turn- 
ings were  made  from  the  same  piece,  and  their  density  was  determined 
by  the  specific-gravity  bottle,  and  also  by  weighing  them  in  water  in  a 
small  dish  of  platinum  foil  suspended  from  the  arm  of  the  balance.  Con- 
siderable difficulty  was  experienced  in  removing  the  air-bubbles,  and  it 
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was  only  after  several  boilings  and  exhaustions  with  the  air-pump  that 
constant  weighings  were  obtained,  the  apparent  specific  gravity  increas- 
ing as  the  air  was  more  perfectly  removed.  The  result  finally  obtained 
was  a  density  of  8.943,  corrected  for  the  expansion  of  water,  and  this  fig- 
ure was  obtained  by  both  methods. 

The  density  of  turnings  from  the  ingot-copper  used  in  making  the 
alloys  was  in  like  manner  determined  to  be  8.874. 

A  marked  difference  is  seen  between  the  density  of  the  copper  bar 
No.  1  and  that  of  No.  30,  which  corresponds  to  their  difference  in  other 
properties. 

In  averaging  the  figures  obtained  for  the  column  of  mean  specific 
gravity,  Nos.  2  A,  6  A,  and  31  A  are  rejected,  as  the  figures  obtained  for 
them  are  evidently  much  lower  than  their  true  specific  gravities. 

The  bars  which  exhibited  liquatiou  also  show  a  great  difference  in 
specific  gravity  in  the  top  and  bottom  of  the  bar,  corresponding  to  the 
difference  in  composition. 

In  bar  No.  38  (62.42  copper,  37.48  tin),  the  mean  specific  gravity  is 
taken  to  be  that  of  the  piece  from  the  middle  of  the  bar  No.  38  G,  as  the 
composition  of  this  piece  agrees  more  nearly  than  the  other  portions  of 
the  bar  with  the  original  mixture,  and  this  composition  nearly  corre- 
sponds to  the  maximum  density  shown  by  No.  12. 
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Table  XI.— First  Series— Alloys  of  Copper  and  Tin. 
Analyses  and  Specific  Gravities. 


Number. 


Original  mix- 
tare. 


Analysis. 


i 


Variation  of 
composition. 


Mean  analysis. 


1A 

B 
2A 

B 
3A 

B 
41 

B 
6A 

B 
6A 

B 
7A 

B 
8A 

B 
9A 

B 

10  A 
B 

11  A 
B 

12  A 
B 

13  A 
B 

14  A 
C 
B 

15  A 
B 

16  A 
B 

17  A 
B 

18A 

C 

B 
10  A 

C 

B 
20  A 

B 
21A 

B 
22A 

B 
23  A 

B 
24A 

B 
25A 

B 
26A 

B 
27A 

B 
28A 

B 
20  A 

B 
30  A 

B 


100.00 
100.00 
98.10 
08.10 
96.27 
96.27 
92.80 
92.80 
90.00 
90.00 
86.57 
86.57 
80.00 
00.00 
76.32 
76.32 
70.00 
70.00 
68.25 
68.25 
65.00 
65.00 
61.71 
81.71 
56.32 
56.32 
51.80 
51.80 
51.80 
47.95 
47.95 
44.63 
44.63 
41.74 
41.74 
39.20 
89. 20 
89.20 
84.95 
84.95 
34.95 
2a  72 
28.72 
24.38 
24.38 
2L18 
21.18 
15.19 
15.19 
11 84 
11.84 
9.70 
9.70 
4.29 
4.29 
1.11 
1.11 
0.557 
0.557 
0.00 
0.00 
100.00 
100.00 


0.00 
0.00 
1.90 
1.95 
3.73 
3.73 
7.20 
7.20 
10.00 
10.00 
18.43 
13.43 
20.00 
20.00 
23.68 
23.68 
30.00 
30  00 
31.75 
81.75 
35.00 
35.00 
38.29 
38.29 
43.68 
43.68 
48.20 
51.80 
48.20 
62.05 
52.05 
55.37 
55.37 
58.26 
58.26 
60.80 
39.20 
60.80 
65.05 
34.95 
65.05 
71.28 
71.28 
75.62 
75.62 
7a  82 
78.82 
84.81 
84.81 
88.16 
88.16 
90.30 
90.30 
95.71 
95.71 
9a  89 
98.89 
99.443 
99.443 
100.00 
100.00 
0.00 
0.00 


97.95 
97.83 
96.16 
95.96 
92.14 
92.07 
90.11 
90.43 
87.15 
87.15 
80.99 
80.90 
76.67 
76.60 
69.90 
69.77 
6a  59 
6a  57 
65.31 
65.36 
61.83 
62.79 
56.58 
56,82 
62.27 
38.41 
51.62 
47.72 
47.49 
44.62 
44.42 
45.93 
38.83 
43.37 
38.37 
43.36 
40.32 
84.22 
40.24 
26.57 
25.12 
22.80 
23.89 
20.28 
20.21 
15.12 
15.04 
11.49 
11.48 
8.82 
8.32 
a  70 
3.74 
0.75 
0.72 
0.32 
0.32 


1.88 
1.92 
3.71 
8.80 
7.84 
7.76 
9.66 
9.50 
12. 69 
12.77 
18.92 

ia?5 

23.24 
23.  ?3 
29.85 
29.92 
81.21 
31.30 
34.47 
34.47 
37.74 
8a  96 
43.11 
43.22 
87.58 
61.04 
48.09 
51.99 
52.29 
55.15 
55.41 
53.80 
60.79 
56.37 
61.32 
56.40 
59.46 
65.80 
59.44 
73.08 
74.51 
7a  89 
75.68 
79.63 
79.62 
84.58 
84. 65 
8a  44 
88.50 
91.12 
91.66 
9a  30 
06.32 
9a  98 
99  06 
99.46 
99.45 


—  0.15 
0.27 

—  an 

—  0.31 

—  0.56 

—  0.73 
+  0.11 
+  0.43 
+  0.58 
+  0.58 
+  0.99 
+  0.90 
+  0.35 
+  0.28 

—  0.10 

—  0.23 
+  0.34 
.+  0.32 
'+  a  81 
+  0.36 
[+  0.12 
+  1.08 
'+  0.26 
+  0.50 
+10.47 
—13. 39 

—  0.18 

—  0. 23 

—  0.46 

—  0. 01 
1—0.21 

+  4.19 

—  2.91 
+  4.17 

—  0.83 
!+  4.16 
+  5.37 
'-  0.73 
|+  5.29 

—  2. 15 
'—  3.60 
!-  1.58 

—  0. 49 
1-0.90 

—  0.97 

—  0. 07 

—  0.15 
'—  0. 35 

—  0.86 

—  0.88 

—  1.38 

—  0.  59 

—  0.65 

—  0.36 

—  0.39 

—  0.237 

—  0.237 


—  0.02 
+  0.02 

—  0.02 
+  0.07 
+  0.64 
+  0.56 

—  0.34 

—  0.50 

—  0.74 

—  0.66 

—  1.08 

—  L25 

—  0.44 

—  0.45 

—  0.15 

—  0.08 
!—  0.54 

—  0.45 

—  0. 53 

—  0.53 

—  0.55 
U  1.38 
I—  0.  57 
'—  0.46 
—10. 62 
j+12.84 

!—  o.  n 

!—  0. 06 
+  0.24 

—  0.22 
+  0.04 

—  4.46 
+  2  53 

—  4.43 
+  0.52 

—  4.40 

—  5.59 
+  0.75 

—  5  61 
+  L80 
+  3.23 
+  1.27 
+  0.06 
+  0.81 
+-  0.80 
'—  0.23 

—  0.16 
.    0.28 

+  0.34 
+  0.82 
+  1.36 
+  0.59 
+  0.61 
+  0.09 
+  0.17 
+  0.017 
+  0.007 


97.89 

9a  06 

92.11 

90.27 

87.15 

80. 95 

7a  64 

69.84 

6a  58 

1 65. 34 

$62. 81 

?5a70 


>51.62 

[47. 61 
44.52 
[42.38 

1 3a  37 

[34.22 

[26.85 

[23.35 

[20.25 

[l5.08 

|lL49 

a  57 

a  72 

0.74 

0.32 


\  a  720 ; 

(8.635 
$8,703 
C  8. 4U8*' 
1*8.681  , 
I  C  8. 759 


48.09 


61.32 


65.80 


[a  487' 
J  8. 564 


>a649 


J  8. 740 
Ja565* 


S&932 
[a938 


J  a  947 

Uoto 


|>&580 


>a312 
>a302 


>ai82 


a  013 


7.948 
{7. 835 


'{7.770 
[7.657 


7.487 
7.360 


l>7.305 
$7,299 


J7.293 
U  791 


*The  figures  marked  with  a  star  in  the  columns  of  specific  gravities  are  much  lower  than  the  true 
specific  gravities,  in  consequence  of  the  presence  of  blow-holes.  The  specific  gravity  of  No.  6  A  was 
re-determined  in  the  shape  of  fine  turnings,  and  found  to  be  8.943.  A  determination  of  the  specific 
gravity  of  fine  turnings  of  the  ingot-copper  used  in  this  series  was  also  made,  giving  the  result  a874. 
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Table  XII.— Second  Series— Alloys  of  Copper  and  Tin. 
Analyses  and  Specific  Gravities, 


GENERAL  SUMMARY  OF  RESULTS. 

The  following  table  exhibits  a  condensed  summary  of  results  of  all  the 
tests  which  have  been  made  in  both  series  arranged  in  the  order  of  their 
composition  by  original  mixture. 

The  results  under  the  heads  of  "Tests  by  tensile  stress "  and  "Tests 
by  torsional  stress"  are  the  averages  of  the  results  of  the  tests  of  the  two 
or  four  specimens  bearing  the  same  numbers,  but  in  all  cases  rejecting 
tests  of  defective  specimens  except  bar  No.  1,  which  is  retained  for  coin- 
parision  with  bar  No.  30. 
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REMARKS  UPON  THE   GENERAL  SUMMARY  OF  RESULTS. 

From  the  results  recorded  in  the  above  table  a  number  of  curves  have 
been  plotted  (Plates  YII  to  XI),  by  inspection  of  which  the  relations 
existing  between  the  compositions  of  the  alloys  of  copper  and  tin,  their 
density,  strength,  ductility,  and  other  properties,  may  be  seen  more 
plainly  than  from  the  figures.  These  curves,  and  the  figures  from  which 
they  were  plotted,  will  now  be  discussed  in  order. 

VARIATION  OF  COMPOSITION  BY  ANALYSIS  FROM  COMPOSITION  BY 
ORIGINAL  MIXTURE,  AND  LIQUATION  OR  SEPARATION  OF  THE 
METALS. 

From  the  figures  given  in  the  tables  of  analyses  and  specific  gravities 
(pages  350, 351),  under  the  head  of  "Variation  of  composition,"  a  diagram 
has  been  plotted  to  show  what  relation,  if  any,  this  variation  of  composition 
bears  to  the  percentages  of  copper  and  tin  in  the  original  mixture.  The 
diagram  does  not  indicate,  however,  that  this  variation  follows  with  cer- 
tainty any  regular  law  dependent  upon  the  percentage  of  the  metals. 
In  general  there  appears  to  be  a  greater  loss  of  tin  than  of  copper  in  the 
bars  which  contain  the  greater  percentages  of  copper,  and  a  greater  loss 
of  copper  than  of  tin  in  the  bars  which  contain  the  larger  percentages  of 
tin,  and  that  the  bars  which  contain  about  equal  amounts  of  the  two 
metals  show  great  tendency  to  liquation. 

In  the  alloys  which  contain  less  than  35  per  cent,  of  tin  by  original 
mixture  there  is  a  greater  loss  of  tin  than  of  copper,  with  but  three  ex- 
ceptions. In  the  alloys  containing  more  than  70  per  cent,  of  tin  there 
is  a  greater  loss  of  copper  than  of  tin,  with  only  one  exception.  In  all 
of  the  alloys  of  these  two  classes  the  extreme  variation  of  a  single 
analysis  from  the  original  mixture  is  3.6  per  cent.,  and  generally  it  is 
less  than  one  per  cent.  In  the  alloys  between  these  limits,  or  those  con- 
taining between  35  and  70  per  cent,  of  tin,  there  are  some  bars  which 
show  great  amounts  of  liquation,  and  others  which  show  very  little. 
The  diagram  at  this  portion  of  the  series  is  consequently  very  irregular, 
and  fails  to  indicate  any  definite  law. 

It  only  seems  to  show  that  in  these  compositions  there  is  a  great 
tendency  to  liquation,  which  may  or  may  not  take  place,  according  as 
certain  precautions  are  observed  in  casting.  In  the  bars  whose  analyses 
showed  a  great  amount  of  liquation  it  was  uniformly  the  case  that  the 
upper  part  of  the  bar  contained  the  larger  percentage  of  copper,  and 
from  the  appearances  of  the  fractures  of  different  portions,  the  variations 
in  hardness  and  other  properties,  as  well  as  some  analyses  and  determi- 
nations of  density  made  of  different  portions  of  the  bar,  it  appears  that 
there  was  a  regular  increase  in  percentage  of  copper  from  the  bottom  to 
the  top,  and  that  there  was  no  distinct  plane  of  separation  between  two 
different  but  definite  compositions.  In  two  cases  the  differences  in  com- 
position of  the  top  and  bottom  of  the  bar  amounted  to  more  than  20  per 
cent. 

In  two  cases  there  appeared  to  be  lateral  liquation  or  separation  of 
the  metals  in  such  a  manner  that  the  exterior  of  the  bar  contained  a  less 
amount  of  tin  than  the  interior.  The  first  of  these,  No.  18  (38.37  cop- 
per, 61.32  tin),  contained  by  original  mixture  39.20  copper,  60.80  tin. 
The  analyses  of  the  turnings  from  the  tension-pieces,  from  the  top  and 
from  the  bottom  of  the  bar,  the  turnings  being  taken  from  the  whole 
length  of  the  cylindrical  portions  of  the  test-pieces,  and  including  all  of 
the  metal  in  the  square  portion  of  the  bar  except  the  cylinder  in  the 
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center,  0.798  inch  in  diameter,  gave  almost  precisely  the  same  results 
(43.37  copper,  56.37  tin,  and  43.36  copper,  56.40  tin),  showing  a  loss  of 
tin  of  more  than  4  per  cent.  A  piece  from  the  middle  of  the  bar  was 
then  analyzed,  the  whole  of  the  square  section  being  turned  into  chips. 
The  analysis  of  this  piece  gave  38.37  copper,  61.32  tin,  or  0.52  per  cent, 
more  tin  than  the  original  mixture.  The  other  bar,  No.  19,  showed  the 
same  result.  The  original  mixture  was  34.95  copper,  65.05  tin,  and  the 
analyses  of  the  turnings  from  the  outside  of  the  bar  at  top  ana  bottom 
were  40.32  copper,  59.46  tin,  and  40.24  copper,  59.44  tin.  The  analysis 
of  a  piece  from  the  middle  of  the  bar  gave  34.22  copper,  65.80  tin. 

SPECIFIC   GRAVITY. 

The  curve  of  specific  gravities  shows  a  certain  degree  of  regularity, 
indicating  that  the  densities  of  these  alloys  follow  a  definite  law. 

The  alloys  containing  less  than  25  per  cent,  of  tin  show  an  irregular 
variation  in  specific  gravity,  but  this  is  entirely  explained  by  the  fact  of 
the  porosity  of  the  metals,  and  that  the  determinations  were  made  on 
large  pieces.  The  figures  obtained  are,  therefore,  to  be  considered  as 
the  densities  of  the  castings,  and  not  of  the  metals  themselves,  as  they 
might  be  determined  in  the  shape  of  fine  powder,  or  metal  perfectly  free 
from  minute  cavities. 

The  densities  of  the  castings  are  much  lower  than  that  of  the  metal 
as  given  by  other  authorities,  and  this  fact  is  corroborated  by  the  deter- 
minations of  the  density  of  No.  6  A  (87.15  copper,  12.69  tin)  in  the  shape 
of  fine  turnings,  which  gave  the  figure  8.943,  and  of  turnings  of  ingot- 
copper,  which  gave  the  figure  8.874. 

It  will  be  noticed  that  those  bars  which  gave  less  strength  than  might 
be  expected  from  thei*1  compositions,  and  those  whose  resistances  to 
stress  are  rejected  from  the  table  of  averages,  also  had  lower  specific 
gravities  than  those  metals  of  nearly  similar  compositions  which  had 
greater  strength. 

From  the  comparison  of  the  strengths  of  the  bars  containing  less  than 
20  per  cent,  of  tin  with  their  densities,  it  is  apparent  that  the  strength 
and  density  are  in  a  certain  degree  dependent  upon  each  other;  that  is, 
that  the  greater  the  density  of  an  alloy  of  any  given  composition  con- 
taining less  than  20  per  cent,  of  tin  the  greater  the  strength.  This  has 
been  plainly  shown  in  experiments  by  several  authorities  on  gun-metal, 
which  uniformly  exhibits  an  increase  of  strength  with  increase  of  density. 

This  fact  will  also  account  for  the  much  lower  strength  of  the  alloy  of 
90  copper,  10  tin,  and  of  metals  of  nearly  similar  composition,  than  is 
given  by  some  authorities  as  the  strength  of  gun-metal.  It  must  be 
remembered  that  the  casting  of  small  bars,  such  as  have  been  used  in 
the  experiments  herein  described,  is  especially  unfavorable  to  the  pro- 
duction of  metal  of  great  density,  while  in  the  casting  of  guns  and  other 
large  masses  the  pressure  of  molten  metal  is  much  greater,  and  all  con- 
ditions favor  the  increase  of  density. 

From  a  study  of  the  specific  gravities  of  alloys  of  copper  and  tin  which 
have  been  published  by  other  authorities,  especially  Calvert  and  John- 
son, and  Riche,  who  took  especial  precautions  to  obtain  the  densities  of 
the  compacted  metals,  and  comparing  them  with  the  figures  given  above 
for  ingot-copper  and  No.  6  A  in  turning,  it  appears  probable  that  the 
actual  specific  gravities  of  all  the  alloys  containing  less  than  25  per  cent, 
of  tin  do  not  greatly  vary  from  8.95,  and  that  the  specific  gravities  of 
castings  of  these  alloys  will  be  less  than  8.95  according  to  their  degrees 
of  porosity.    Riche  gives  figures  showing  the  increase  of  density  of  sev- 
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era!  alloys  by  tempering  and  compression.  The  specific  gravity  of  an 
alloy  of  94  copper,  6  tin,  was  increased  from  8.541  to  8.939  by  repeated 
tempering  and  rolling. 

The  specific  gravity  of  pure  copper,  according  to  a  large  number  of 
authorities  quoted  in  u  Constants  of  Nature,"  varies  from  8.360  to  8.958, 
electrolytic,  hammered,  rolled,  or  pressed  copper  giving  the  highest 
figures  and  those  which  probably  are  the  most  nearly  correct. 

The  specific  gravity  of  No.  6  A  as  before  stated  is  8.943,  and  those  of  all 
the  alloys  containing  between  25  and  38  per  cent,  of  tin,  which  alloys 
are  all  very  compact,  and  homogeneous,  are  greater  that  8.9  (reaching 
8.97  at  the  latter  percentage),  both  as  determined  in  these  experiments, 
and  as  determined  by  Calvert  and  Johnson.  These  results,  therefore, 
tend  to  confirm  the  above  statement  that  the  specific  gravities  of  all  the 
alloys  containing  less  than  25  per  cent,  of  tin  are  nearly  8.95,  and  that 
a  determination  which  gives  a  less  figure  reveals  the  porosity  of  the 
casting. 

The  specific  gravities  given  in  the  above  tables,  as  determined  from 
pieces  of  the  castings,  are  more  valuable  than  if  they  were  determined 
only  from  turnings,  for  the  reason  that  they  show  the  cause  of  imperfec- 
tions in  strength  and  other  qualities,  and  indicate  that  the  proper  method 
of  improving  the  strength  is  to  increase  the  density.  They  also  ind'cate 
that  the  tower  the  specific  gravity  of  one  of  these  alloys,  which  shows 
a  certain  definite  strength,  the  greater  increase  may  probabty  be  given 
to  that  strength  by  any  means  which  will  cause  the  specific  gravity  to 
approach  the  figure  8.95. 

The  several  methods  of  increasing  the  specific  gravities  of  these  alloys 
and  thereby  increasing  their  strength  yet  remain  to  be  experimented 
upon.  It  is  well  known  that  rolling,  hammering,  or  pressing  the  porous 
and  ductile  metals  increases  the  density.  Casting  under  pressure  has 
the  same  effect,  as  shown  in  the  greater  density  of  the  bottom  of  a  heavy 
gun  casting  than  the  top  or  the  sinking  head,  and  in  a  still  more  marked 
degree  by  experiments  which  have  lately  been  made  of  casting  under 
very  heavy  hydraulic  pressure.  It  is  probable  also  that  temperature  of 
pouring  and  rate  of  cooling  have  an  important  influence  upon  the  deu- 
sity,  and  that  the  use  of  any  fluxes  which  may  remove  occluded  gases 
from  the  molten  metals  will  be  likely  to  increase  it. 

The  maximum  density  of  the  series  is  given  by  the  alloy  No.  12'  (02.31 
copper,  37.35  tin,  by  analysis),  the  original  mixture  of  which  corresponds 
to  the  formula  Sn  Cu3,  and  it  is  nearly  approached  by  the  alloy  No. 
38  (62.42  copper,  37.48  tin).  The  figures  are  8.970  and  8.956  respectively. 
The  former  is  higher  than  is  given  by  any  authority  quoted  in  "  Constants 
of  Nature77  for  any  alloy  of  copper  and  tin.  The  specific  gravity  of  the 
same  alloy,  according  to  Calvert  and  Johnson,  is  8.954.  Calvert  and 
Johnson's  maximum  figure  is  8.965,  which  was  obtained  with  the  alloy, 
Sn  Cu5  (72.90  copper,  27.10  tin).  Bolley  states  that  a  large  clock  bell  at 
Reichenhall,  six  hundred  years  old,  has  a  specific  gravity  of  9.1,  its  com- 
position being  76.20  copper,  23.80  tin.  This  figure  is  so  much  higher 
than  that  given  by  any  other  authority  that  it  may  be  considered 
doubtful. 

From  the  alloy  No.  12  to  the  end  of  the  series,  or  to  pure  tin,  there  is 
almost  a  perfectly  regular  decrease  of  specific  gravity,  that  of  tin  being 
7.293,  which  figure  agrees  with  the  results  of  several  other  authorities. 
From  the  regularity  of  this  decrease  of  specific  gravity,  and  from  the  fact 
that  all  the  results  between  the  alloy  containing  62.31  copper,  37.35  tin, 
and  pure  tin  agree  closely  with  the  figures  given  by  other  authorities  for 
the  specific  gravities  of  the  same  alloys,  as  is  plainly  shown  in  the  curves 
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of  comparison  of  authorities  (Plate  XII),  it  appears  that  these  alloys  are 
much  less  apt  to  vary  in  their  densities  than  those  containing  less  than 
25  per  cent,  of  tin,  and  that  they  have  but  little,  if  any,  porosity.  It  is 
therefore  probable  that  their  densities  will  not  greatly  vary  under  dif- 
ferent methods  of  casting  and  rates  of  cooling. 

It  has  been  observed  that  the  densities  of  the  alloys  containing  less 
than  20  per  cent,  of  tin  have  direct  relation  to  their  strengths,  the 
strength  being  greater  as  the  density  is  greater.  This  does  not  appear 
to  be  the  case  with  the  alloys  containing  more  tin  than  the  alloy  of 
maximum  density,  and  in  these  alloys  there  is  a  regular  decrease  of 
density,  but  a  great  irregularity  in  strength.  It  has  also  been  noticed 
that  different  portions  of  the  same  bar  vary  considerably  in  strength, 
but  have  almost  exactly  the  same  density.  The  variations  in  strength, 
as  before  stated,  seem  to  depend  upon  the  rate  of  cooling,  and  possibly 
upon  differences  of  pressure,  causes  which  apparently  have  an  important 
influence  upon  the  crystallization,  but  not  upon  the  density. 

COMPARISON  OF  RESISTANCES. 

By  inspection  of  the  curves  of  comparison  of  strength  by  transverse, 
tensile,  torsional,  aud  compressive  stresses  (Plate  VII),  it  will  be  seen 
that  the«curvts  of  tensile  and  torsional  strengths  agree  very  closely,  the 
torsional  curves  being  laid  down  to  such  a  scale  that  one  foot- pound  of 
torsional  momeut  is  equivalent  to  200  pounds  of  tensile  strength.  The 
curve  of  transverse  strength  is  similar  to  those  of  tension  and  torsion 
(the  scale  being  such  that  one  pound  modulus  of  rupture  corresponds  to 
one  pound  tensile  strength),  but  theordinatesof  the  points  of  the  curve 
representing  most  of  the  alloys  are  much  greater  than  in  the  two  latter 
curves. 

The  curve  of  compressive  strength  is  very  unlike  either  of  the  other 
curves.  Being  laid  down  to  the  same  scale  as  that  of  tensile  strength 
the  ordinates  of  the  curve  are  all  much  higher,  showing  that  the  com- 
pressive strengths  per  square  inch  of  all  the  copper-tin  alloys  are  much 
greater  than  their  tensile  strengths.  The  maximum  compressive 
strength  is  reached  by  one  of  the  brittle  alloys,  the  tensile  strength  of 
which  was  not  far  from  the  minimum. 

It  appears,  therefore,  that  the  tensile  and  compressive  streugths  of 
the  alloys  are  in  no  way  related  to  each  other;  that  the  torsional  strength 
is  closely  proportional  to  the  tensile  strength,  and  that  the  transverse 
strength  may  depend,  in  some  degree,  upon  the  compressive  strength, 
as  is  indicated  by  the  approach  of  some  portions  of  the  transverse  curve 
to  the  compression  curve,  but  it  is  much  more  nearly  related  to  the  ten- 
sile strength,  as  is  shown  by  the  general  correspondence  of  the  curve  of 
transverse  with  that  of  tensile  strength.  The  modulus  of  rupture,  as 
obtained  by  the  transverse  tests,  is  in  general  a  ligure  between  those  of 
tensile  and  compressive  strengths  per  square  inch,  but  there  are  a  few 
exceptions  in  which  it  is  larger  than  either. 

From  the  curves  of  transverse,  tensile,  and  torsional  strengths  it  is 
seen  that  the  strengths  of  the  alloys  at  the  copper  end  of  the  series  in 
crease  rapidly  with  the  addition  of  tin,  till  about  4  per  cent,  of  tin  is 
reached.  The  transverse  strength  continues  regularly  to  increase  to  the 
maximum,  till  the  alloy  containing  about  17£  per  cent,  of  tin  is  reached, 
while  the  tensile  and  torsional  strengths  also  increase,  but  very  irregu- 
larly, to  this  same  point.  As  this  irregularity  corresponds  to  the  irregu- 
larity in  the  same  portion  of  the  curve  of  specific  gravities,  it  is  probably 
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due  to  porosity  of  the  metal,  and  might  possibly  be  removed  by  any 
means  which  would  make  the  castings  more  compact. 

Tlie  maximum  point  of  the  three  curves  is  reached  at  the  same  point, 
viz,  at  the  alloy  containing  82.70  copper,  17.34  tin,  the  transverse  strength, 
however,  being  very  much  greater  at  this  point  tban  the  tensile  or  tor- 
sional strength. 

From  the  point  of  maximum  strength  the  three  curves  drop  very  rap- 
idly to  the  alloys  containing  about  27.5  per  cent,  of  tin,  and  then  more 
slowly  to  37.5  per  cent.,  at  which  point  the  minimum  or  nearly  the  mini- 
mum strength  of  tin,  by  all  three  methods  of  test,  is  reached.  *  The  com- 
pression curve  reaches  its  maximum  between  these  points.  The  alloys 
of  minimum  strength  are  found  from  3.75  per  cent,  tin  to  52.5  per  cent, 
tin ;  the  observations  being  somewhat  irregular  between  these  points, 
making  it  difficult  to  state  the  exact  minimum  points  of  the  curve,  but 
all  agreeing  in  showing  great  weakness.  The  absolute  minimum  is  prob- 
ably about  45  per  cent,  of  tin. 

Prom  52.5  per  cent,  of  tin  to  about  77.5  per  cent,  tin  there  is  a  rather 
slow  and  irregular  increase  in  strength  to  the  point  which  has  been  called 
the  second  maximum,  the  curve  of  transverse  strength  at  this  point,  as 
at  the  first  maximum,  rising  much  higher  than  the  other  two  curves.  The 
former,  also,  does  not  reach  its  second  maximum  at  the  same  point  as  the 
two  latter,  but  this  may  be  accidental. 

From  77.5  per  cent,  tin  to  the  end  of  the  series,  or  all  tin,  the  strengths 
slowly  and  somewhat  irregularly  decrease,  the  second  minimum  being 
reached  at  the  end  of  the  curve.  It  will  be  noticed  that  the  irregularity  of 
the  torsional  curve  is  much  less  than  those  of  the  other  curves,  which  is 
probably  due  to  the  fact  that  in  the  torsional  tests  the  time  occupied  in 
making  the  tests  was  very  uniform,  and  also  that  the  torsional  curve  is 
made  from  the  average  results  of  usually  four  tests  of  each  bar,  while 
the  tensile  tests  were  but  two  in  number  from  each  bar,  and  the  trans- 
verse test  but  one. 

One  of  the  most  important  facts  to  be  learned  from  the  curves  is  that 
all  the  alloys  containing  more  than  25  per  cent,  tin  are  practically  worth- 
less for  all  purposes  where  strength  is  required,  the  average  strength  of 
these  alloys  being  only  about  one-sixth  of  the  average  of  those  contain- 
ing less  than  25  per  cent,  of  tin. 

COMPARISON  OF  DUCTILITY. 

The  ductility  of  the  alloys  is  shown  by  the  plate  (No.  IX)  of  curves  of 
ductility  by  transverse,  tensile,  and  torsional  stresses.  These  three 
curves  agree  in  showing  that  the  ductility  follows  a  very  regular  law, 
depending  upon  the  composition. 

The  ductility  in  the  tensile  tests  was  determined  by  direct  observations 
of  the  elongations  of  the  pieces  under  tension.  In  the  cases  of  the  brittle 
alloys  these  elongations  were  such  very  small  quantities  that  they  could 
not  be  measured,  and  the  curve,  therefore,  touches  the  axis  of  abscissas. 

The  ductility  in  the  transverse  tests  was  determined  by  the  final  de- 
flections before  breaking,  and  as  this  was  always  an  appreciable  quantity 
even  with  the  brittle  alloys,  the  curve  is  easily  laid  down,  except  in  cases 
in  which  the  bar  bent  without  breaking.  The  curve,  therefore,  cute  the 
top  of  the  plate  in  two  points,  thus  indicating  that  the  ductility  by  trans- 
verse stress  without  those  points  is  indeterminate  but  very  great. 

The  ductility  by  torsional  tests  is  determined  from  the  extension  of 
the  exterior  fiber  or  line  of  particles  in  a  torsion-piece  one  inch  long,  in 
parts  of  an  inch,  which  is  calculated  from  the  angle  of  torsion  given  by 
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the  autographic  strain  diagram.  This  gives  a  correct  comparison  of  the 
relative  ductility  of  all  the  pieces  tested,  whether  very  brittle  or  very 
ductile,  and  the  comparative  ductility  is  given  in  the  figures  in  the  table 
of  summary  of  results.  The  maximum  angle  of  torsion  given  in  the  sum- 
mary is  556.75  degrees,  which  corresponds  to  an  extension  of  2.1975 
inches  of  a  line  of  particles,  originally  one  inch  long,  on  a  cylinder  § 
inch  in  diameter,  on  the  supposition  that  the  diameter  and  length  of 
the  cylinder  while  being  twisted  remained  unchanged.  The  minimum 
angle  of  torsion  is  0.4  degree,  which  corresponds  to  an  extension  of 
only  0.000006  inch.  The  ductility  of  pure  tin  being  therefore  more  than 
200,000  times  that  of  the  most  brittle  alloy,  they  cannot  both  be  repre- 
sented in  a  curve  drawn  on  the  same  scale,  except  when  the  lower  por- 
tion of  the  curve  practically  coincides  with  the  bottom  line  of  the  plate. 
The  curve  is  therefore  drawn  so  as  to  make  it  coincide  with  the  curve  of 
ductility  by  tensile  tests. 

Eeferring  to  the  three  curves,  it  will  be  seen  that  the  alloys  contain- 
ing less  than  12.5  per  cent,  of  tin,  and  more  than  87.5  per  cent,  of  tin, 
are  so  ductile  that  bars  of  22  inches  in  length  bend  to  a  deflection  of  more 
than  3£  inches  without  breaking,  and  their  comparative  ductility  is  not, 
therefore,  determined  by  this  method  of  test.  Bar  No.  1,  all  copper,  is 
an  exception,  but  it  was  considered  to  be  a  defective  bar.  Bar  No.  30,  all 
oopper,  bent  without  breaking. 

The  comparative  ductility  of  these  alloys  is  plainly  shown  by  the 
curves  obtained  from  tensilfe  and  torsional  tests.  From  both  curves  it 
appears  that,  beginning  at  pure  copper,  the  ductility  increases  slightly 
with  the  addition  of  tin  till  from  2  to  4  per  cent.,  between  which  limits 
the  maximum  ductility  of  the  stronger  alloys  is  reached.  From  this 
point  there  is  a  regular  curve  of  decrease  of  ductility  to  25  per  cent, 
tin,  at  which  point  it  becomes  so  small  that  both  curves  apparently 
touch  the  base  line.  The  record  of  comparative  ductility  by  tension  is 
then  entirely  lost  up  to  the  alloy  containing  75  per  cent,  tin,  while  that 
by  torsion  is  lost  in  the  curve,  but  can  be  traced  from  the  figures  in  the 
table  of  summary  of  results.  From  these  figures  it  is  seep  that  the 
minimum  ductility  is  reached  at  from  37.5  to  47.5  per  cent,  tin,  which 
oorresponds  nearly  to  the  minimum  point  of  strength. 

The  curve  of  ductility  by  transverse  strength,  commencing  at  about 
12.5  per  cent,  tin,  shows  a  regular  curvature  tending  toward  the  bot- 
tom of  the  plate,  to  about  35  per  cent,  tin,  and  from  that  point  to  55  per 
oent.  tin  it  is  nearly  horizontal,  indicating  a  minimum  at  45  per  cent., 
thus  agreeing  with  the  result  obtained  from  the-  torsional  tests.  From 
<55  per  cent,  tin  there  is  a  very  regular  curve  upward  to  87.5  per  cent, 
tin,  at  which  point  the  transverse  curve  is  lost  in  consequence  of  the 
bars  bending  without  breaking. 

The  curves  of  tensile  and  torsional  ductility  appear  to  rise  from  the 
bottom  line  at  about  75  per  cent,  tin,  and  from  that  point  to  the  end,  or 
pure  tin,  there  is  a  very  regular  increase,  the  regularity  being  much 
greater  in  the  tests  by  torsion  than  in  those  by  tension. 

TOTAL,  RESILIENCE. 

The  resilience  or  amount  of  work  done  in  breaking  each  of  the  alloys 
is  shown  by  the  figures  in  the  table  of  summary  of  results  under  head- 
ings of  transverse  and  torsional  tests,  and  by  the  curves  plotted  from 
these  figures. 

The  work  done  in  breaking  any  specimen  is  measured  in  the  same 
manner  as  mechanical  work  of  any  kind,  that  is,  by  the  product  of  a 
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resistance  into  the  distance  through  which  the  resistance  acts.  When 
the  resistance  is  variable  the  work  is  the  product  of  the  mean  resistance 
into  that  distance. 

The  work  done  in  breaking  a  piece  of  metal  by  tensile  stress  is  equal 
to  the  mean  resistance  multiplied  by  the  total  elongation ;  by  transverse 
stress  it  is  the  mean  resistance  multiplied  by  the  total  deflection,  and  by 
torsional  stress  it  is  the  mean  resistance  of  the  specimen  as  measured  by 
the  mean  ordinate  of  the  autographic  strain  diagram,  expressed  in  foot- 
pounds of  torsional  moment,  or  pounds  acting  at  the  radius  of  one  foot 
multiplied  by  the  distance  through  which  this  moment  is  exerted  as 
measured  by  the  total  abscissa  of  the  diagram  and  reduced  to  feet  trav- 
ersed by  the  resistance. 

The  resilience  under  transverse  stress  has  been  calculated  from  the 
curves  of  deflections  by  transverse  stress  (Plates  XVI,  XVII).  the  area  of 
the  curve  being  directly  proportional  to  the  resilience,  the  ordinates  rep- 
resenting resistances  and  the  abscissas  deflections.  The  results  as  given 
in  the  tables  are  reduced  to  foot-pounds  of  work.  In  the  cases  of  the 
bars  which  bent  to  a  deflection  of  more  than  3 J  inches  without  breaking, 
the  total  resilience  within  the  breaking  point  could  net  be  determined, 
and  the  resilience  within  the  breaking  point  could  not  be  determined, 
and  the  resilience  within  the  limit  of  3£  inches  deflection  has  been  taken 
instead. 

The  torsional  resilience  has  been  calculated  from  the  area  of  the  auto- 
graphic strain  diagram  in  the  manner  above  stated,  the  total  resilience 
up  to  the  breaking  point  being  taken  in  each  case  and  reduced  to  foot- 
pounds of  work. 

The  resilience  under  tensile  stress  has  not  been  determined,  since  the 
elongations  of  all  the  brittle  pieces  were  not  measured,  and  those  of  many 
of  the  ductile  pieces  were  not  determined  with  the  same  accuracy  which 
characterized  the  transverse  and  torsional  tests. 

Referring  to  the  plate  of  curves  of  resiliences  (Plate  X)  it  will  be  seen 
that  the  resilience  bears  a  very  close  relation  to  the  ductility,  the  curves 
of  the  two  properties  being  nearly  similar,  except  in  those  portions  of 
the  curves  representing  the  ductile  alloys,  which  bent  without  breaking 
under  transverse  stress,  and  of  which  the  transverse  resilience  is  taken 
only  within  a  deflection  of  3.J  inches,  while  the  torsional  resilience  is 
taken  to  the  point  of  rupture. 

The  maximum  torsional  resilience  is  given  by  bar  No.  3  (96.06  copper, 
3.76  tin),  which  was  one  of  the  most  ductile  of  the  stronger  alloys.  No. 
33  (88.40  copper,  11.51*  tin)  gave  the  maximum  transverse  resilience 
within  the  deflection  of  3J  inches,  on  account  of  its  being  the  strongest 
alloy  which  reached  that  deflection  without  breaking,  but  its  total  resil- 
ience is  much  less  than  those  of  the  more  ductile  bars,  which  bent  with- 
out breaking  to  deflections  of  more  than  8  inches. 

From  the  bar  which  gave  the  maximum  total  resilience  of  599.96  foot- 
pounds there  is  a  rapid  decrease  to  No.  8  (70.01  copper,  23.24  tin),  which 
had  a  resilience  of  only  3.72  footpounds.  From  No.  8  to  No.  20  (35.85 
copper,  73.80  tin)  all  of  the  bars,  with  one  exception,  show  total  resil- 
iences by  torsion  of  less  than  one  foot-pound  each,  the  minimum  being 
only  0.08  foot-pounds,  or  only  about  -7-V0-  part  of  the  maximum.  These 
resiliences  being  so  small  compared  with  the  maximum,  the  curve  of 
resiliences  (Plate  III)  between  these  points  approaches  the  bottom  line 
of  the  plate  so  closely  that  it  apparently  coincides  with  it.  The  figures 
for  transverse  resilience  agree  quite  closely  with  those  of  torsional  resil- 
ience between  these  points. 

From  bar  No.  20  to  No.  28  (0.32  copper,  99.46  tin)  there  is  a  gradual  in- 
crease of  the  total  resiliences  to  125.99  foot  pounds,  which  is  the  "  second 
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maximum'7  point  of  the  curve.  The  bar  of  pure  tin  shows  a  somewhat 
less  resilience,  on  account  of  its  less  strength,  than  No.  28,  although  it 
possessed  a  slightly  greater  ductility.  The  second  maximum  resilience 
by  transverse  stress  within  a  deflection  of  3£  inches  is  reached  by  No.  24 
(11.49  copper,  88.47  tin),  on  account  of  its  having  the  greatest  strength 
of  the  bars  containing  ja,  large  amount  of  tin  which  bent  without  break- 
ing. The  transverse  resiliences  (within  the  deflection  of  3J  inches)  de- 
crease to  No.  29  (all  tin),  on  account  of  the  decrease  of  strength,  while 
the  total  resiliences  increase  on  account  of  the  rapid  increase  of  duc- 
tility. 

LIMIT   OF  ELASTICITY. 

The  limit  of  elasticity  has  been  defined  as  the  point  at  which  the  dis- 
torsion  (either  by  tension,  torsion,  compression,  or  transverse  stress)  be- 
gins to  increase  in  a  greater  ratio  than  the  force  which  causes  the  dis- 
tortion. It  corresponds  nearly  with  the  point  of  first  appreciable  set, 
or  permanent  distortion.  In  the  plotted  curves  of  deflections  and  elon- 
gations and  in  the  autographic  diagrams  of  torsional  stress  it  is  the  point 
at  which  the  curve  begins  (usually  suddenly)  to  change  its  direction 
and  deflect  towards  the  horizontal. 

The  plate  of  curves  in  which  comparison  is  made  of  the  transverse, 
torsional,  and  tensile  strengths,  also  contains  curves  showing  the  limit 
of  elasticity  under  each  of  the  three  kinds  of  tests.  These  have  been 
plotted  from  the  figures  given  in  the  tables  of  tests  by  tensile,  trans- 
verse, and  torsional  stresses  under  each  series.  In  the  table  of  general 
summary  of  results  (Table  XIII)  the  elastic  limits  are  represented  for 
more  convenient  comparison  by  parts  of  the  total  strengths. 

It  will  be  seen  that  there  is  a  similarity  in  the  curves  of  limits  of  elas- 
ticity obtained  from  the  three  kinds  of  tests,  and  that  they  coincide  with 
the  curves  of  strength  in  the  middle  portion  or  that  portion  of  the  series 
containing  the  brittle  alloys,  and  fall  beneath  them  at  the  ends,  the 
figures  in  the  table  of  summary  of  results  showing  the  elastic  limit  to  be 
100  per  cent,  of  the  total  strength,  and  that  of  the  more  ductile  alloys 
to  be  in  some  cases  as  small  as  20  per  cent,  of  the  total  strength,  and  to 
increase  with  the  decrease  of  ductility. 

There  is  a  considerable  difference  between  the  figures  representing 
the  ratios  of  elastic  limit  to  total  strength  of  the  ductile  alloys  as  deter- 
mined by  the  various  methods  of  tests.  In  general  the  ratios  obtained 
by  the  tensile  tests  is  higher  than  that  obtained  by  either  the  transverse 
or  torsional  tests,  and  the  two  latter  more  nearly  agree. 

Referriug  to  the  curves  and  to  the  figures  giving  the  ratios  of  elastic 
limit  to  breaking  load,  it  is  seen  that  in  the  stronger  alloys,  those  con- 
taining less  than  17.5  per  cent,  of  tin,  the  elastic  limit  under  tensile 
stress  is  reached  at  from  50  to  68  per  cent,  of  the  breaking  load,  and 
under  transverse  and  torsional  stress  at  about  35  to  45  per  cent.  As 
the  percentage  of  tin  is  increased  beyond  17.5  per  cent.,  the  ratio  of 
elastic  limit  to  ultimate  strength  is  increased,  the  alloy  No.  8  (70.04 
copper,  23.24  tin)  giving  results  which  showed  the  ratio  to  be  100  per 
cent.,  or  that  the  elastic  limit  was  not  reached  till  fracture  took  place. 
The  same  result  is  given  by  all  the  alloys  from  No.  8  to  No.  21  (38.37 
copper,  61.32  tin).  From  No.  21  to  pure  tin,  the  elastic  limit  is  reached 
before  fracture,  by  transverse  and  torsional  tests.  In  the  tensile  tests 
of  the  alloys  containing  between  62.5  and  82.5  ;per  cent,  of  tin  the  posi- 
tion of  the  elastic  limit  is  doubtful,  but  it  is  probable  it  was  either  not 
reached  or  only  just  reached  before  fracture  took  place.    In  these  alloys 
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the  ratios  of  elastic  limit  to  ultimate  strength  appear  much  higher  in 
tests  by  torsional  than  by  transverse  stress.  The  ductile  alloys  contain- 
ing large  percentages  of  tin  give  ratios  under  torsional  stress  which 
gradually  decrease  as  the  percentage  of  tin  increases,  the  decrease  being 
nearly  regular  from  98.5  per  cent,  to  45.3  per  cent,  between  the  alloy  of 
27.5  copper,  72.5  tin,  and  pure  tin.  In  the  transverse  tests  the  ratio  is 
much  more  nearly  constant,  varying  somewhat  irregularly  between  the 
same  compositions  from  43.8  to  27.3  per  cent. 

MODULI  OF  ELASTICITY. 

The  moduli  of  elasticity  were  calculated  from  the  deflections  observed 
in  the  transverse  tests.  In  the  tables  of  the  tests  of  each  bar  a  large 
number  of  moduli  of  elasticity  have  been  calculated  for  each  test  to  show 
the  change  of  this  modulus  at  different  parts  of  the  test  both  within  and 
beyond  the  elastic  limit.  In  the  summary  of  results  by  transverse  tests, 
and  in  the  table  of  general  summary  of  results  (Tables  II,  VIII,  and 
XIII),  the  figures  given  are  considered  to  be  the  most  probable  modu- 
lus of  each  bar  within  the  elastic  limit  where  the  deflections  are  propor- 
tional to  the  applied  loads.  The  curve  (Plate  XI)  has  been  plotted  from 
these  figures.  The  figures  and  the  curve  show  a  great  irregularity,  but 
not  greater  than  might  be  expected  from  metals  of  different  composi- 
tions, when  it  is  remembered  that  the  modulus  of  elasticity  of  a  single 
metal,  wrought  iron,  has  been  found  by  various  experiments  to  vary 
from  18,000,000  to  40,000,000. 

Referring  to  the  figures  of  moduli  in  the  table  of  summaries  (Table 
XIII)  and  to  the  curve  plotted  from  them,  it  is  seen  that  in  the  alloy 
containing  less  than  24  per  cent,  of  tin,  which  includes  all  the  stronger 
and  more  valuable  alloys  of  the  eleven  figures  of  moduli  of  elasticity 
which  are  considered  reliable  observations,  nine  of  them  are  between 
13,300,000  and  15,000,000,  the  other  two  being  10,203,205,  and  12,472,655. 
These  figures  sufficiently  establish  the  moduli  of  elasticity  by  transverse 
stress  of  these  alloys  to  be,  as  shown  by  the  curve,  about  14,000,000. 

From  25  per  cent,  to  35  per  cent,  tin  the  modulus  seems  to  be  some- 
what greater,  the  four  observations  next  after  those  above  mentioned 
varying  from  14,896,691  to  16,387,041.  From  35  to  75  per  cent,  there  is  a 
very  great  irregularity.  This  corresponds  to  the  irregularity  in  strength 
and  other  properties  as  shown  by  all  the  tests,  but  is  a  much  greater 
irregularity  than  of  any  other  property.  No.  11  (65.34  copper,  34.47  tin) 
gives  a  modulus  of  over  19,000,000,  while  No.  12  (62.31  copper,  37.35  tin) 
gives  less  than  half  as  much.  The  latter,  it  will  be  remembered,  was 
the  alloy  of  greatest  density.  The  two  facts  may  in  some  way  be  con- 
nected. Bar  No.  14  (original  mixture,  51.8  copper,  48.2  tin)  gives  a 
modulus  of  only  5,174,546.  This  bar  showed  a  very  great  degree  of 
liquation,  but  its  low  modulus  may  be  partially  due  to  the  fact  of  the 
bar  being  shorter  than  the  standard  length  of  22  inches  between  sup- 
ports. The  figure  was  therefore  rejected  as  unreliable,  as  were  also 
those  of  all  the  short  bars.  It  is  remarkable  that  the  other  bar  which 
showed  very  great  liquation,  No.  17  (original  mixture,  41.74  copper, 
58.26  tin),  should  give  a  modulus  of  over  23,000,000,  the  highest  figure 
given  by  any  alloy  in  either  series. 

From  the  alloys  containing  70  per  cent,  tin  to  pure  tin  the  moduli 
again  become  a  iittle  more  regular,  but  still  varying  between  11,520,262 
and  6,771,517,  the  tendency  being  to  decrease  as  the  tin  increases.  Of 
the  eleven  figures  of  moduli  of  the  alloys  containing  more  than  80  per 
cent,  tin,  including  the  bar  of  pure  tin,  nine  give  moduli  between  6,700,000 
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and  8,000,000,  the  other  two  being  8,613,200  and  10,403,101,  thus  tending 
to  establish  the  modulus  of  these  alloys  at  about  7,500,000  to  8,000,000, 
or  a  little  more  than  half  that  of  the  stronger  alloys  containing  less  than 
20  per  cent,  of  tin. 

EXTRA  BARS  OF  COPPER  AND  TIN. 

During  the  progress  of  the  experiments  which  have  been  described, 
a  number  of  bars  of  copper  were  made  in  the  ingot-mold  for  the  purpose 
of  being  broken  into  small  pieces  to  facilitate  the  weighing  of  the  mix- 
tures for  the  alloys.  Several  of  these  bars  were  tested  by  tranverse, 
tensile,  torsional,  and  compressive  stresses  for  the  purpose  of  comparing 
them  with  the  one  selected  as  a  standard.  The  records  of  all  these  tests 
are  appended  after  the  records  of  the  tests  of  the  alloys.  The  following 
tables  give  a  summary  of  the  results,  including  those  of  bars  No.  1  and 
No.  30,  which  have  already  been  given. 

In  addition  to  these,  a  test  was  made  of  an  extra  bar  of  Queensland 
tin,  the  record  of  which  is  also  given.  The  ingot  tin  from  which  this  bar 
was  cast  was  furnished  to  the  writer  by  Hon.  Angus  Mackay,  commis- 
sioner from  Queensland,  Australia,  to  the  Centennial  Exhibition  at  Phila- 
delphia, and  was  part  of  the  Queensland  exhibit.  In  the  summary,  its 
record  is  compared  with  that  of  the  Bancs  tin,  bar  No.  29. 

SUMMARY  OF  RESULTS  OF  TESTS  OF  BARS  OF  COPPER  AND  TIN. 
TABLE  XIV.— TRANSVERSE  TESTS. 
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TABLE  XVI— TORSIONAL  TESTS. 
Averages  of  the  Results  calculated  from  the  Autographic  Strain*  Diagrams. 
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Banca  tin 

Mean    

42.78 

691.0 

0.73 

0.22 

13.15 

4.36 

2,  9029 

208. 48 

3 

29 

21.26 

556. 8 

0.48 

0.13 

12.75 

5.78 

2. 1975 

105. 45 

4 

32.02 

623.9 

0.61 

0.18 

12.95 

5.07 

2.5502 

156.97 

.... 
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Table  xvii. — Average  results  of  tests  of  copper,  rejecting  those  marked 
defective,  and  average  of  all  tests  op  tin. 


Transverse  teat*. 


TeiiBile  tests. 


Copper. 
Tin.... 


ex 


i  17.! 


I  765  26,  3571 
I  130     4, 150 


I  S3 


"1  i 

H 

.2321 

.270 


i 


Sf  i        JZ 


5 


Tenacity  per  |  *3 
square  inch  i 

1 

of—          '  «S 
-     —       §•« 

§    I?! 

Ji 

1     1  rl 
1  !  1  ll 

1 

3 

i 

§ 

!1 

s 

0 

J 
I 


Torsional  tests. 


10,  076, 756   .  0628  23, 118,  26, 817   .  491    118. 06 
6,185,210   .3551     3,130 -476     12.05 


II 

So 

-a'5 


41.79 
5.07 


1  to 
Ha 

4 


.354 
.892 


4 


0.2630  244.54 
2.5602156.97 


Table  xviii. — Analyses  of  turnings  from  four  bars  of  copper. 


No.l. 


No.  30. 


No.  53. 


Metallic  silver 0.  035 

Metallic  iron '        0.020 

Metallic  zinc 0.014 

Metallic  lead Trace 

Metallic  bismuth ,  None    . . . 

Metallic  arsenic None   . . . 

Metallic  antimony None 

Suboxide  of  copper 12. 086 

Metallic  copper 87.  900 

Insoluble  matter 

Carbon ;  None  .   . 


0. 014  0. 015 

0. 014      1        0. 035 
0. 057      I        0. 016 

Trace None 

None '  None  — 

None j  None  — 

None  ...     None  — 
3.  580  6. 730 

96. 330  93. 200 


100. 055      |      99. 995 


99.996 


No.  57. 


0.068 

0.014 
None. 
Trace. 
None. 
None. 
None. 

1.620 
98. 330 

0.005 


100. 032 


Table  xix. — Analysis  of  "Queensland  tin." 


Percent,  i 

Lead 0.165 

Iron 0.035  ■ 

Manganese 0.  006  I 

Arsenic trace.  , 

Copper none. 

Zinc " 


Per  cent. 

Antimony none. 

Bismuth " 

Nickel  " 

Cobalt " 

Tungsten " 

Molybdenum " 


It  will  be  observed  that  there  is  a  very  considerable  difference  both  in 
strength  and  ductility  of  the  several  bars  which  were  cast  from  the  same 
metal,  and  under  nearly  the  same  conditions.  The  causes  of  this  differ- 
ence have  not  been  ascertained,  as  the  bars  were  merely  cast  incidentally 
during  the  mixing  of  the  alloys,  and  no  attempt  was  made  to  learn  ex- 
actly the  conditions  under  which  each  casting  was  made.  A*  special 
investigation  would  be  needed  before  it  could  be  definitely  asserted 
what  was  the  cause  of  the  good  or  the  bad  qualities  of  any  particular 
bar,  or  how  the  defects  of  any  of  them  might  be  remedied. 

The  analysis  of  bars  No.  1,  No.  30,  No.  53,  and  No.  57  show  that  the 
brittleness  is  an  accompaniment  of  a  large  percentage  of  suboxide  of 
copper  in  the  bar,  the  presence  of  which  is  probably  the  proximate  cause 
of  the  brittleness.  The  analysis  of  No.  1  showed  it  to  contain  12.086 
per  cent,  suboxide  of  copper;  No.  30,  3.580  per  cent.;  No.  53,  6.730  per 
cent.;  and  No.  57,  1.620  per  cent. 

No.  1  and  No.  53  broke  under  transverse  stress,  the  former  with  a  de- 
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flection  of  2.306  inches,  the  latter  with  1.38  inches.  All  the  others  bent 
withont  breaking.  No.  1  was  recast  several  times,  which  might  have 
been  the  cause  of  its  being  defective,  but  No.  53  was  nearly  as  defective, 
while  it  was  cast  only  once.  No.  53  and  No.  54  were  cast  at  the  same 
time,  the  former  being  at  the  higher  temperature,  as  judged  by  the 
founder  from  its  appearance  when  poured.  No.  55  and  No.  56  were  cast 
subsequently,  and  their  relative  temperatures  were  determined  in  the 
manner  described  in  treating  of  the  casting  of  the  second  series  of  the 
alloys,  viz,  by  pouring  a  portion  of  the  molten  metal  into  water  and 
noting  the  rise  of  temperature  of  a  given  weight  of  water  and  the  weight 
of  metal  poured.    The  following  are  the  data  of  these  temperature  tests : 


Weight  of 
metal. 

Temperature  of  water. 

Assumed 

specific 

neat. 

Calculated^  relative  tern 
peratore. 

Initial.     '      Final.         Increase. 

i 

Fahrenheit.  Centigrade 

,  Grammes. 

55  ;      5445. 6 

56  5445.6 

Gramme*. 
579.6 
325.6 

Deg.  Fahr. 
46 
51* 

Deg.  Fahr.  ,  Deg.  Fahr. 
79         \         33 

73J        !          22 

0.  09515 
0. 09515 

Degrees. 
4145. 93 
4927.01 

Degrees 

1828.26 
2175.  56 

No.  56  was  supposed  to  have  been  cast  at  least  as  hot  as  No.  53,  but 
the  test  showed  the  former  to  be  a  very  good  bar,  while  the  latter  wa,s 
a  very  bad  one.  The  difference  in  temperatures  of  casting,  therefore, 
does  not  seem  sufficient  to  explain  the  difference  in  properties  of  the 
casting. 

No.  30  was  cast  at  an  extremely  high  temperature,  much  higher  than 
either  of  the  other  bars,  being  of  a  dazzling  white  heat.  On  pouring  a 
small  portion  into  water  in  attempting  to  obtain  the  relative  tempera- 
ture, a  severe  explosion  took  place,  and  this  was  repeated  every  time 
that  even  a  small  drop  of  the  molten  metal  touched  the  water.  The 
cold  ingot  mold  was  then  filled  with  this  very  hot  metal.  After  the 
metal  remaining  in  the  crucible  had  stood  for  several  minutes  and  had 
cooled  considerably,  it  could  be  poured  into  water  without  causing  the 
slightest  explosion. 

It  might  be  supposed  that  the  result  of  this  casting  at  a  very  high 
temperature  would  be  to  make  bar  No.  30  a  bad  bar,  as  this  seems  to  be 
indicated  by  bars  No.  53  and  No.  54,  and  also  by  the  experiments  of 
Major  Wade  on  gun-metal.  The  result,  however,  showed  the  contrary, 
as  it  proved  to  be  equal  to  any  of  the  bars  which  were  cast. 

No.  57  was  cast  apparently  at  a  medium  temperature,  much  lower  than 
No.  30,  but  it  is  not  known  how  its  temperature  compared  with  that  of 
others.    The  test  showed  it  to  be  nearly  as  good  a  bar  as  No.  30. 

The  tensile  and  torsional  tests  indicate  the  qualities  of  the  different 
bars  even  more  plainly  than  the  transverse  tests.  The  tables  explain 
themselves  sufficiently. 

It  will  be  observed  that  the  tensile  tests  show  a  much  greater  differ- 
ence between  the  bars  than  do  the  transverse.  The  reason  of  this  is,  no 
doubt,  that  the  tensile  test  piece  always  breaks  at  its  weakest  section, 
no  one  part  of  the  cylindrical  portion  of  the  piece  being  subjected  to  a 
greater  stress  than  the  others,  while  in  the  transverse  test  the  middle 
section  is  the  dangerous  section,  or  position  of  maximum  strain,  and 
the  bar  will  usually  break  in  the  middle,  although  other  portions  may 
be  weaker.  In  defective  bars,  therefore,  the  tensile  test  usually  reveals 
the  defects  more  plainly  than  the  transverse  test,  especially  if  these  de- 
fects are  unevenly  distributed. 
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The  cause  and  method  of  prevention  of  the  defects  in  cast  copper  yet 
remain  to  be  investigated. 

The  bar  of  Queensland  tin  proved  to  be  a  very  good  bar,  showing  a 
somewhat  greater  strength  by  transverse  and  torsional  tests  than  the 
bar  of  Banca  tin,  but  a  less  strength  by  tension.  The  transverse 
strength  is  probably  higher  both  on  account  of  the  different  methods  of 
test,  the  bar  of  Banca  tin  being  tested  by  dead  loads  and  that  of  Queens- 
land tin  by  the  platform-scale  apparatus,  and  on  account  of  a  flaw  in 
the  middle  of  the  Banca- tin  bar. 

The  effect  of  slow  and  rapid  test  is  shown  by  both  bars  in  the  tensile  test. 
The  average  tenacity  of  all  the  pieces  tested  is  given  as  3,130  pounds  per 
square  inch,  but  it  is  probable  that  all  the  pieces  would  have  broken  at 
as  low  as  2,000  pounds  if  the  test  had  been  of  long  duration,  say  one 
hour,  or  as  high  as  4,000  pounds  if  each  test  had  been  made  in,  say,  Ave 
minutes. 

The  effect  of  time  is  also  shown  in  the  autographic  strain  diagrams 
and  in  the  records  calculated  from  them. 

The  Queensland  tin  showed  an  extraordinary  ductility  in  the  torsional 
tests,  one  of  the  pieces  twisting  through  an  angle  of  818  degrees,  or  more 
than  2^  turns  before  breaking.  This  represents  an  elongation  of  a  line 
of  particles  parallel  to  the  axis  on  the  surface  of  the  cylindrical  portion 
of  the  test-piece  from  one  inch  to  4.57  inches. 

COMPARISON  OF  AUTHORITIES. 

The  following  table  gives  a  list  of  about  140  different  alloys  of  copper 
and  tin,  including  all  those  which  have  been  described  in  this  report, 
together  with  a  large  number  collated  from  standard  authorities,  giving 
some  of  their  mechanical  and  physical  properties.  The  results  obtained 
by  experimenters,  whose  investigations  were  sufficiently  complete  to 
allow  of  such  a  comparison,  are  shown  graphically  in  Plates  XII,  XIII, 
XIV,  XV. 

LIST  OP  AUTHORITIES. 

Abbreviations. 

B.— Bolley.    Bssais  et  Recherche*  Chimiques,  Paris,  1869,  pp.  345, 848. 

Ct.— Croookewit.    Erdmann's  Journal,  1848,  vol.  45,  pp.  87-93. 

C.  J.— Calvert  and  Johnson.  Specific  Gravities,  Phil  Mag.,  1859,  vol  18,  pp.  354-359;  Hardness.  PML 
Mag.,  1859,  voL  17,  pp.  114-121 ;  Heat  Conductivity,  PhU.  Trans.,  1858,  pp.  340-568. 

Be.— 8.  B.  Dean.    Ordnance  Notes,  No.  XL,  Washington,  1875. 

La.— Lafend.    Dingier' 8  Journal,  1855,  voL  135,  p.  269. 

Ml.— Mallet.    PhU.  Mag.,  1842,  vol.  21,  pp.  66-68. 

Ma.— Matthiesaen.    Phil  Trans.,  1860,  p.  161 ;  ibid.,  1864,  pp.  167-200. 

Mar.— Marchand  and  Scheerer.  Journal  fur  Praktische  Ohemie,  vol  27,  p.  193  (Clark's  "  Constants  of 
Nature"). 

Mas.— Maschenbroek.    Tire's  Dictionary,  article  "Alloy." 

Bi.— Riche.    Annate*  de  Ohimie,  1873,  vol.  30,  pp.  351-419. 

TJ.  8.  B.— Report  of  Committee  on  Metallic  Alloys,  of  United  States  Board  appointed  to  test  Iron,  Steel,  dtc. 

Th.— Thomas  Thomson.    Ann.  de  Chimie,  1814,  voL  89,  pp.  46-53. 

W.  —Watt's  Dictionary  of  Chemistry  (compiled  from  several  authorities). 

Wa.— Major  Wade,  United  States  Army.    Report  on  Experiments  on  Metals  for  Cannon,  Phil*.  1856. 

We.— Weidemann.    PhU.  Mag.,  I860,  voL  19,  pp.  243,  244. 
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In  the  above  table  the  figures  of  order  of  ductility,  malleability,  hard- 
ness, and  fusibility  (see  also  Plate  XV)  are  taken  from  Mallet's  experi- 
ments on  a  series  of  16  alloys,*  the  figure  1  representing  the  maximum 
and  16  the  minimum  of  the  property.  The  ductility  of  the  brittle  metals 
is  represented  by  Mallet  as  0. 

The  relative  ductility  given  in  the  table,  of  the  alloys  experimented  on 
by  the  board,  is  the  proportionate  extension  of  the  exterior  fibers  of  the 
pieces  tested  by  torsion  as  determined  by  the  autographic  strain-diagrams. 
It  will  be  seen  that  the  order  of  ductility  differs  widely  from  that  given 
by  Mallet. 

The  figures  of  relative  hardness,  on  the  authority  of  Calvert  and 
Johnson  (Plate  XV),  are  those  obtained  by  them  by  means  of  an  indent- 
ing tool.  The  figures  are  on  a  scale  in  which  ca§t  iron  is  rated  at  1,000. 
The  word  "  broke  "  in  this  column  indicates  the  fact  that  the  alloy  opposite 
which  it  occurs  broke  under  the  indenting  tool,  showing  that  the  relative 
hardness  could  not  be  measured,  but  was  considerably  greater  than  that  , 
of  cast  iron. 

The  figures  of  specific  gravity  show  a  fair  agreement  among  the  several 
authorities  in  the  alloys  containing  more  than  35  per  cent,  of  tin,  except 
those  given  by  Mallet,  which  are  in  general  very  much  lower  than  those 
by  all  the  other  authorities.  In  the  alloys  containing  less  than  35  per 
cent,  of  tin  there  is  a  wide  variation  among  all  the  different  authorities, 
Mallet's  figures,  however,  being  generally  lower  than  the  others.  Several 
of  the  figures  of  specific  gravity  have  been  selected  from  Eiche's  results 
of  experiments  on  the  effects  of  annealing,  tempering,  and  compression, 
which  shows  that  the  latter  especially  tends  to  increase  the  specific  gravity 
of  all  the  alloys  containing  less  than  20  per  cent,  tin  to  about  8.95.  This 
result,  as  stated  in  the  discussion  on  specific  gravity  (page  355),  is  due 
merely  to  the  closing  up  of  the  blowholes,  and  thus  diminishing  the 
porosity.  The  specific  gravity  of  8.953  was  obtained  by  Major  Wade  by 
casting  a  small  bar  in  a  cold  iron  mold  from  the  same  metal  which  gave 
a  specific  gravity  of  only  8.313  when  cast  in  the  form  of  a  small  bar  in 
a  clay  mold.  The  former  result  is  exceptionally  high,  and  indicates,  the 
probability  that  every  circumstance  of  the  melting,  pouring,  casting,  and 
cooling  was  favorable  to  the  exclusion  of  the  gas  which  forms  blowholes, 
and  to  the  formation  of  a  perfectly  compact  metal. 

Plate  XII  gives  a  comparison  of  the  figures  of  specific  gravity  ob- 
tained by  different  experimenters. 

The  figures  of  tenacity  given  by  Mallet,  Muschenbroek,  and  Wade 
agree  with  those  found  in  the  experiments  described  in  this  report  as 
closely  as  could  be  expected  from  the  very  variable  strengths  of  alloys 
of  the  same  composition  which  have  been  found  by  all  experimenters. 

Mallet's  figure  for  copper,  24.6  tons  or  55.104  pounds,  is  certainly  much 
too  high  for  cast  copper ;  the  piece  which  ne  tested  was  probably  rolled 
or  perhaps  drawn  into  wire.  Harwell's  Pocket  Book  gives  the  following 
as  the  tensile  strength  of  copper;  the  names  of  the  authorities  are  not 
given: 

Pounds  per 
square  inch. 

Copper,  wrought 34,000 

Copper  rolled 36,000 

Copper,  cast  (American) 24,250 

Copper,  wire 61,200 

Copper,  bolt 36,800 

•See  appendix. 


374  TESTS    OF    METALS. 

The  figure  for  cast  American  copper  is  evidently  taken  from  the  ex- 
periments of  Major  Wade. 

The  figures  obtained  by  the  writer  for  alloys  of  7.5, 10,  and  12.5  per 
cent,  tin,  viz,  27,900,  26,860,  and  31,100  pounds,  are  much  less  than  is 
usually  given  as  the  strength  of  gun-metal.  It  must  be  remembered, 
however,  that  bronze  guns  are  usually  cast  under  the  pressure  of  a  head 
of  metal  which  tends  to  increase  the  strength  and  density.  The  strength 
of  the  upper  part  of  a  gun-casting,  or  sinking  head,  is  not  greater  than 
those  of  the  small  bars  which  have  been  tested  in  these  experiments. 
The  table  shows  the  figures  of  Major  Wade  for  the  mean  density  and 
tenacity  of  a  lot  of  83  gun-heads  of  one  composition,  and  of  12  of 
another  composition,  the  figures  for  tenacity  being  respectively  26,655 
and  26,011  pounds  per  square  inch. 

The  strength  of  gun-bronze,  as  found  in  the  guns,  is  not  given  in  the 
table,  which  is  designed  to  compare  only  the  various  authorities  on  the 
tenacities  of  the  alloys  only,  as  cast  under  ordinary  conditions,  and  not 
when  compressed,  rolled,  or  cast  under  pressure. 

The  following  are  a  few  extracts  which  have  been  made  from  the 
report  of  Major  Wade  concerning  the  strength  and  density  of  gun- 
bronze: 

Bronze  guns  made  at  Ohicopee,  Mass.,  1850. 

JgEJE    Te^oity. 

Tin,  lpart 7.297  2,122 

Copper,  8  parts  (mean  of  9  samples) 8.672  24,252 

Mean  of  83  guns 8.751        

Mean  of  83  gnn-heads 8.523  29,655 

Extreme  variation  of  six  samples  from  different  parts  of  the  same  gun 
(a  32-pounder  howitzer) :  Specific  gravity,  8.487  to  8.835 ;  tenacity,  26,428 
to  52,192.  Extreme  variation  of  all  the  samples  tested :  Specific  gravity, 
8.308  to  8.850;  tenacity,  23,108  to  54,531.  Extreme  variation  of  all  the 
samples  from  the  gun-heads :  Specific  gravity,  8.308  to  8.756 ;  tenacity, 
23,529  to  35,484. 

The  materials  used  in  all  these  castings  were  of  the  same  quality;  they 
were  melted,  cast,  and  cooled  in  the  same  manner,  and  were  designed  to 
be  similarly  treated  in  all  respects. 

Bronze  guns  made  at  South  Boston,  Mass.,  1850 — 12-pounder  howitzers. 
Composition,  10.71  parts  tin  in  100. 

Mean  of  12  gun-heads i 8.353        26,011 

Mean  of  12  small  bars  cast  with  gun 8.800        52,253 

The  small  bars  were  cast  in  the  same  mold  as  the  gun  and  were  sub- 
jected to  the  pressure  of  the  sinking  head.  Major  Wade  remarks  that 
the  great  superiority  of  the  small  bars  over  the  ^un-heads  may  be  at- 
tributed to  their  cooling  rapidly  at  first,  and  until  they  become  solid, 
and  to  their  subsequent  cooliug  being  retarded  by  the  adjacent  liquid 
mass  of  metal  in  the  gun-head.  The  bar  is  in  contact  at  one  end  with 
the  gun-head,  and  any  contraction  which  may  occur  in  it  after  its  solidi- 
fication is  supplied  by  the  liquid  metal  in  the  head,  with  a  force  due  to 
its  column  of  pressure.  This  fills  all  cavities  and  gives  compactness  to 
the  bar.  The  heat  in  the  massive  head  which  joins  the  bar  controls  and 
prolongs  its  cooling.    Small  bars,  cast  in  separate  molds,  are  cooled 
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rapidly  from  first  to  last,  and  the  cavities  formed  during  their  contraction 
are  not  supplied  from  any  separate  source.  To  these  circumstances  we 
must  attribute  their  inferiority  to  the  bars  cast  in  the  gun-molds. 

Three  howitzers,  Nos.  27,  28,  and  29,  were  cast  from  the  same  liquid 
metal  contained  in  a  crane-ladle.  No.  27  was  cast  when  the  metal  was 
at  the  highest  temperature;  No.  28  was  cast  fifteen  minutes  later;  and 
No.  29  fourteen  minutes  after  No.  28.  The  following  results  were  ob- 
tained: 


*4 

0 

Temperature    of 
metal  at  cast- 
ing. 

Specific  gravity— 

Tenacity. 

i 

i 

1 

Of  gun-    Of  entire 
heads.    1     gun. 

Of  small  bars  oast 
in— 

Of  gun- 
heads. 

Of  small  bars  oast 
in— 

i 

Gun- 
mold. 

Separate 
mold. 

Gun- 
mold. 

Separate 
mold. 

*n 

0 
15 
29 

Highest 

7. 988         8.  UK 

a  686 
8.823 
a  846 

a  654 
a  447 
a  876 

17,761 
28,995 
23,722 

50,973 
52,330 
66,786 

31,132 

?8 

Mean 

8.351 
8.538 

a  661 
8.752 

28,153 

?9 

Lowest 

28,082 

In  casting  another  howitzer,  No.  30,  small  test-bars  were  cast  in  sep- 
arate molds,  one  of  which  was  of  cast  iron,  to  ascertain  the  effect  of 
sudden  cooling,  and  the  others  were  of  clay,  similar  to  the  gun-mold. 
The  tests  of  all  the  samples  from  this  casting  were  as  follows: 

Small  bare  cast  separately  in  iron  mold 8.953  37,688 

Small  bars  cast  separately  in  clay  mold 8.313  25,783 

Small  bars  cast  in  gun-mold 8.896  53,798 

dun-head  samples 8.490  35,578 

Finished  howitzer 8.733 

In  the  conclusion  to  his  report  on  gun-bronze  Major  Wade  says: 
"The  general  results  which  are  exhibited  in  this  report,  on  the  qualities 
of  bronze  as  they  are  found  in  guns,  are  mostly  of  a  negative  character. 
They  expose  defects  in  density  and  strength,  develop  the  heterogeneous 
texture  of  the  metal  in  different  parts  of  the  same  gun,  and  show  the 
irregularity  and  uncertainty  of  quality  which  attend  the  casting  of  all 
guns,  although  made  from  similar  materials,  treated  in  like  manner.  The 
ascertained  facts  which  this  report  exhibits,  although  they  relate  chiefly 
to  existing  imperfections  in  the  art  of  manufacturing  bronze,  will,  it  is 
believed,  be  found  useful.  They  may  serve  to  awaken  the  attention  of 
those  who  may  henceforth  be  concerned  in  conducting  this  branch  of 
service,  and  to  suggest  such  improved  methods  of  treating  the  materi- 
als as  will  ultimately  raise  our  knowledge  of  the  art  to  an  equality  with 
that  which  has  been  attained  in  the  manufacture  of  iron  cannon." 

That  the  strength  of  ordinary  ordnance-bronze  is  still  variable,  twenty- 
years  after  Mayor  Wade's  report  was  written-is  shown  by  the  following 
records  of  twelve  tests  made  by  the  Ordnance  Department,  United  States 
Navy,  and  famished  to  the  writer  by  Capt.  William  N.  Jeffers,  United 
States  Navy,  Chief  of  the  Bureau  of  Ordnance. 
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Navy  ordnance-bronze  tested  in  1875  and  1876  at  Washington,  D.  ft 


Tensile  strength  per 
square  inch  of— 


Mirk. 


Ml,  3-4-75.... 
M2, 3-4-75.... 

BB.LX 

M  2, 5-0-75 .... 
No.  3, 8-21-75  . 
No.2,8-:.l-73.. 
GB  2,  5-0-75  .. 
GB  8, 5-0-75 
B  3  L,  12-70-75 
MIC,  3-11-76. 
B  2  C,  3-11-70 
B  3  C.  3-11-70  . 


Original 
section. 


Fractured 
section. 


§  P  5) 


42,037 
41, 768 
22, 385 
45,737 
49, 772 

48,000  ; 

35,  820  I 
20,818  | 
33, 630 
51,450 
45, 837 
44,869 
I 


70, 000    .  4795 
71,000  '    .478 

100 

522 

65,  600     ,  2603 
60,000     .211 

4975 

0291 

39,000  ,  .135 
91, 600  I  .  580 
73, 450  I  .  390 
71,600  I    .415 


Hi! 

til 

S4»  p. 


.40 
.417 


I 


I 


.470 
.240 
.20 
.50 


.134 
.438 
.376 
.373 


a  878 


8.892 


8.853 


Full  of  large  tin  spot*. 

Cast  in  chill  mold. 
Cast  in  chill  mold. 

Flaw  in  the  breakingpoittan. 
Cast  in  chill  mold. 

Cast  in  chill  mold. 
Cast  in  chill  mold. 


The  guns  cast  in  chill  molds  were  composed  of  10  parts  of  copper  to 
1  part  of  tin;  the  others  were  of  9  parts  of  copper  to  1  part  of  tin. 

That  a  great  improvement  may.  be  made  in  the  density  and  tenacity 
of  gun-bronze  by  compression  has  been  shown  by  the  experiments  of 
Mr.  S.  B.  Dean,  in  Boston.  Mass.,  in  1869,  and  by  those  of  General  Ucha- 
tius,  in  Austria,*  in  1873.  The  former  increased  the  density  of  the 
metal  next  the  bore  of  the  gun  from  8.321  to  8.875,  and  the  tenacity 
from  27,238  to  41,471  pounds  per  square  inch.  The  latter  by  a  similar 
process  obtained  the  following  figures  for  tenacity: 

Founds  per  square  inch. 

Bronze  with  10  percent,  tin 72,053 

Bronze  with  8  per  cent,  tin 73,958 

Bronze  with  6  per  cent,  tin 77,656 

The  density  of  these  specimens  is  not  given,  but  it  probably  approaches 
very  closely  to  8.95.  It  is  believed  that  the  experiments  of  General 
Uchatius  are  still  in  progress. 

The  experiments  of  Biche  have  also  shown  the  increase  of  density  by 
compression  and  tempering.  A  translation  of  his  paper  on  this  subject 
is  given  in  the  appendix. 

The  table  of  comparison  of  authorities  is  by  no  means  complete.  No 
account  is  taken  of  a  vast  number  of  ancient  bronzes,  weapons,  medals, 
coins,  and  sonorous  instruments,  which  have  been  described  by  various 
writers.  These,  however,  differ  out  little  in  composition  and  properties 
from  the  ordnance  and  bell  metal  given  in  the  tables. 

It  will  be  observed  that  while  there  is  considerable  irregularity  in  the 
tenacity  of  the  alloys  containing  more  than  27.5  per  cent,  of  tin,  they 
are  all  extremely  weak,  the  highest  strength  found  by  any  experimenter 
being  only  8,736  pounds,  and  valueless  for  all  purposes  in  which  strength 
is  required. 

It  has  been  shown  that  the  useful  alloys,  those  which  contain  less  than 
27.5  per  cent,  of  tin,  have  strengths  which  are  nearly  proportional  to  their 
densities.  A  systematic  investigation  remains  yet  to  be  made  to  ascer- 
tain the  various  causes  which  operate  to  produce  the  blow-holes  which 
are  the  principal  cause  of  the  lack  of  density,  and  the  means  which  may 
be  taken  to  prevent  the  operation  of  these  causes. 

•Ordnance  Notes  No.  XL,  Washington,  D.  C,  1876. 
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As  before  stated,  compression  of  the  metal,  either  in  the  fluid  state  or 
after  it  has  solidified,  increases  the  density  and  consequently  the  strength, 
by  closing  the  blow-holes  and  compressing  the  gas  which  the  blow-holes 
contain. 

If  the  formation  of  the  gas  which  causes  these  blow-holes  can  be  pre- 
vented, or  if  it  can  be  removed  from  the  metal  while  the  latter  is  still  in 
a  fluid  state,  it  is  evident  that  the  cast  metal  will  be  entirely  free  from 
them,  and  a  metal  of  greater  density  and  strength  will  be  obtained 
which  may  not  need  farther  compression. 

No  means  has  yet  been  discovered  by  which  this  desirable  result  may 
be  accomplished,  but  it  is  not  improbable  that  it  may  be  done  by  a 
proper  system  of  treatment  of  the  fluid  metal,  or  by  the  use  of  flaxes 
which  shall  chemically  unite  with  the  gas  of  the  blow-holes  and  prevent 
its  existence  in  the  gaseous  state.  The  subject  offers  a  fruitful  field  for 
experiment,  one  which  it  is  proposed  to  explore  after  concluding  the 
researches  in  progress  on  castings  of  copper-tin,  copper-zinc,  and  triple 
alloys. 
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[First  eerie*.] 

RECORD  OP  TESTS  BY  TRANSVERSE  STRESS. 

Mechanical  Laboratory,  Department  of  Engineering,  Stevens  Institute  of  Technology. 

TABLE  XXI.— CAST  COPPER. 

Original  mark:  No,  1.— Material:   Copper,  cast  in  hot  iron  mold.— Dimensions :  Length  between 
supports,  1-22".    Breadth,  6=0.904".    Depth,  d-1.010". 


Load. 

Deflection 

A 

Set. 

Modulus  of 
elasticity. 

B-4A^  <*+*> 

Load. 

Deflection 

8et. 

Modulus  of 
elasticity. 

Pounds. 
7 

Inches. 
0.004 
0.006 
0.006 
0.008 

Inches. 

Pounds. 
850 

0 
400 

0 
450 

0 
500 

0 
560 

0 
650 
600 

0 

600 

In  5  m. 

625 

650 

0 
649 

Inches. 
0.128 

Inches. 

7,481,071 

12 

0.082 

20 

0.154 

6,819,089 

80 

0.054 

0 

0.0024 

a  208 

5,813,888 

40 

0.010 
0.009 
0.009 
0.016 
0.018 
0.022 
0.026 

0.091 

50 

a  266 

4,948,681 

60 

0.147 

70 

a  848 

4,186,066 

80 

0.228 

00 

a  884 
0.442 

100 

2,940,095 

0 

0.007 

0.295 

125 

0.022 
0.027 

15,241,676 
14,825,955 

0.534 
a  548 
0.637 
a  707 

150 

0 

0.005 

200 

0.088 
0.052 
a  073 

18,986,605 

2,404,496 

225 

0.578 

250 

9,044,888 

a.  ma 

Broke. 

0 

0.010 

276 

0.065 

At  650  pounds  a  craom:  appeared  on  we  moor 
side  of  the  bar.    After  reading  the  set,  the  bar 

0 

0.014 

800 

0.098 

8,068,808 

sank  rapidly  under  549  pounds,  and  broke. 
Breaking  load  650  pounds. 

0 

a  018 

826 

a  109 

8    I 
Modulus  of  rupture,  R—  y  £«(P+8)— 2L2SL 

0 

0.025 

TABLE  XXDL— ALLOY  OF  COPPER  AND  TIN. 


Original  mark:  No.  2.— Material:  Alloy.— Original  mixture 
8b.    Cast  In  dry  sand.— Dimensions :  Length  between  supports,  22" 


98.1  Cu,  L9  Sn. -Analysis:  97.89  Co.  Lit 
*    —     Breadth,  1.011".   Depth,  L005*. 


6 
10 
16 
20 
80 
40 
50 
60 
70 
80 
90 
100 
0 
125 
176 
200 
0 
225 
250 
0 
275 


0.008 

0.0024 

0.0089 

0.0055 

0.0080 

0.0095 

0.012 

0.018 

0.014 

0.016 

0.017 

0.020 


0.080 
0.041 
0.154 


a  000 


0.069 
a  092 


0.0095 


0.124 


0.045 


18,487,674 


11, 158, 271 
11, 824, 079 
9,798,787 


8,608,854 
7,161,098 


The  deflection  Increased  with  time,  but  the  test 
was  continued  without  stopping. 

0.202       8,900,616 

6    1 0.186 


860 
876 


0.297 
0.868 
0.677 


2,496,107 


The  deflection  Increased  rapidly  with 

0 
400 
425 
0 
450 
475 
In  3  m. 
0 
500 
In  10  m 
525 
550 
In  8  m. 
575 

Bar  bent  rapidly,  and  slipped  through  between 
supports. 

Breaking  load  (considered  to  be  that  which 
causes  a  deflection  of  81").  550  pounds. 

Modulus  of  rupture,  B~ -j^pfP+S)— 17,872. 


6.886"* 

L120 

a  537 

it"268Vi«""'" 

L017 

1.454 

1.762 
2.D53 

809,888 

L931 

2.108 
2.596 
2.738 
8.147 
4.806 
4.561 

456,612 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

[Hint  aeries.] 

Mechanical  Laboratory,  Department  of  Enodcrbrikg,  Steykms  Institute  of  Teohholooy. 

TABLE  XXUL—ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  8.— Material:  Alloy.— Original  mixture:  96.27  Co,  8.78  Sn.— Analysis:  96.06  On. 
3.76  8n.-Dimensians :  Length  between  supports,  22".    Breadth,  1".    Depth,  0.998". 


Load. 

Deflection 

Set. 

Modulus  of 
elasticity. 

E=4AMi(P+4) 

Load. 

Deflection 

Set. 

Modnlns  of 
elasticity. 

E=4A»(P+4> 

Pounds. 

8 

Inches. 
0.0008 
0.0016 
0.0032 
0.0047 
0.007 
0.010 

Inches. 

Pounds. 
In  20  m. 
In  30  m. 
In  40  m. 
In  60  m. 
1  hoar. 
0 

700 

725 

760 
In  5  m. 
In  10  m. 
In  20  m. 
In  25  m. 
0 

775 

8(10 
In  5  m. 
In  15  m. 
0 

825 

860 
In  5  m. 
In  45  m. 
15*45- 
0 

875 

900 
In  5  m. 
In  15  m. 
In  30  m. 
In  45  m. 
0 

926 

960 
In  5  m. 
In  15  m. 

975 
In  5  m. 
In  10  m. 

1,000 

In  6  m. 

In  15  m. 

In  45  m. 

1*15- 

Breakt 
Modnli 

Inches. 
0.601 
0.618 
0.630 
a  642 
0.660 

Inches. 

10 

12 

20 

80 

50 

a  524 

0 

0.0016 

a  668 
0.669 
0.701 
0.846 
0.890 
0.913 
0.925 

80 

0.017 
0.021 
0.023 
0.026 

100 

13.262,817 

120 

150 

15,862,408 

0 

0.0024 

175 

0.032 
0.041 
0.015 
0.051 

14,980,447 
18,825,025 

200 

a  780 

225 

0.946 
0.972 
1.217 
L264 

250 

18,887,830 

1,696,061 

o 

0.004 

275 

0.054 
0.060 
0.069 

800 

18,568,883 
13,739,654 

LU0 

850 

L280 
L328 
L583 
1.732 
1.882 

875 

0.006 

0.077 
0.083 

"o.m "" 
0.095 

400 

13,035,420 

0 

0.010 

425 

L713 

450 

12,798,849 

1.892 
1.929 
2.095 
2.162 
2.256 
2.819 

0 

0.014 

1,255,041 

475 

0.102 
0.122 

500 

11,063,497 

0 

0.025 

525 

0.124 
0.188 

550 

10,751,086 

2.123 

0 

a  042 

2.835 
2.402 
2.686 
2.662 
2.713 
2.988 
8.091 
.      8.118 
8.640 
8.660 
4.102 
7.634 

agload,Ps: 
is  of  rupture 

575 

0.158 
0.181 
0.229 
0.244 
0.252 

600 

8,936,764 

Left  10m 

Jn  60  m. 

0 

a  108 

625 

0.268 
0.287 
0.882 
0.410 
a  421 

863,841 

660 

Tn  io  m. 

Tn  20  m. 

In  80  m. 

Tr&yreao] 

0 

0.803 

ports. 
1,000  pounds. 

675 

0.429 
0.441 
0.569 
a  588 

700 

4,275,193 

III  6  m. 

*  B=Tiapr(P+,)"81*111, 

In  10  m. 

380  TESTS   OF   METALS. 

RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

I  First  series.] 

Mechanical  Laboratory,  Department  op  Engineering,  Stevzks  Institute  op  Technology. 

TABLE  XXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  4.— Material :  Alloy.— Original  mixtnre:  92.8  Cu,  7.2  Sn.— Dimensions :  Length 
between  supports,  22".    Breadth,  0.997".    Depth,  1.012-'. 


Load. 

Deflection 

Set. 

Modulus  of 
elasticity. 

E=4AM'<P+4>  1 

1 

Load. 

Deflection 

6 

Set. 

Modulus  of 
elasticity. 

E=4~^<P+4> 

Pounds. 
6 

Inches. 
0.0008 
0.0016 
0.0039 
0.007 
0.010 
0.013 
0.017 
0.020 

Inches. 

Pounds. 
0 
750 
800 
0 
850 
900 
0 
950 
In  5  m. 
1,090 
In  5  m. 

0 
1,050 
In  10  m. 

1,100 
In  10  m. 

0 
1    1,100 
1,150 
In  8  m. 
1,200 
In  10  m. 
0 
1,200 
1,250 
In  10  m. 
In  30  m. 
15*  30- 
0 
1,250 
1,300 
In  10  m. 
In  30  m. 

1,850 
In  80  m. 

Break* 
Moduli 

Inches. 

Inches. 
0.020 

10 

0.173 
0.199 

20 

10,408,413 

30 

1 

0.049 

40 

0.232 
0.287 

60 

8,114,620 

80 

0.116 

100 

""*  ii,  396,* 305 

0.348 
0.429 
0.491 
0.584 

0 

0.000 

126 

0.024 
0.029 
0.034 
0.041 

| 

5,267,856 

160 

13,680,575 

175 

0.879 

200 

12,818,227 

0.620 
0.781 
0.858 
L031 

0 

0.000 

225 

0.045 
0.052 

8,814,847 

260 

12,583,801 

0 

0.0008 

0.807 

275 

0.057 
0.059 

1.063 
L155 
1.289 
L384 
L824 

800 

13,274,439 

o 

"6.666 

826 

0.063 
0.086 
0.072 
0.075 

2,240,640 

860 

13,817,863 

875 

1.549 

400 

18,877,197 

1.824 
1.935 
2.178 
2.281 
2.638 

0 

0.000 

425 

0.079 
0.082 
0.087 

450 

14,263,420 

475 

0 

0.0016 

2.843 

600 

0.095 

13,677,484 

2.639 
2.746 
2.911 
2.966 
3.226 
6.706 

ng  load,  P=] 
is  of  rapture 

0 

0.0024 

1,223,372 

525 

0.102 
0.106 

650 

13,464,855 

0 

0.0032 

675 

0.112 

Trayreac 

ports. 

1,350  poundi 

bed  bottom  of  sup- 

o 

0.0055 

""aoois" 

600 
0 

0.124 

12,548,648 

i. 

660 

0.137 

(P+8)=43,78l. 

0 

0.013 

700 

a  153 

11,853,945 

TE8T8   OP   METALS.  373 

In  the  above  table  the  figures  of  order  of  ductility,  malleability,  hard- 
ness, and  fusibility  (see  also  Plate  XY)  are  taken  from  Mallet's  experi- 
ments on  a  series  of  16  alloys,*  the  figure  1  representing  the  maximum 
and  16  the  minimum  of  the  property.  The  ductility  of  the  brittle  metals 
is  represented  by  Mallet  as  0. 

The  relative  ductility  given  in  the  table,  of  the  alloys  experimented  on 
by  the  board,  is  the  proportionate  extension  of  the  exterior  fibers  of  the 
pieces  tested  by  torsion  as  determined  by  the  autographic  strain-diagrams. 
It  will  be  seen  that  the  order  of  ductility  differs  widely  from  that  given 
by  Mallet. 

The  figures  of  relative  hardness,  on  the  authority  of  Calvert  and 
Johnson  (Plate  XV),  are  those  obtained  by  them  by  means  of  an  indent- 
ing tool.  The  figures  are  on  a  scale  in  which  capt  iron  is  rated  at  1,000. 
The  word  "broke"  in  this  column  indicates  the  fact  that  the  alloy  opposite 
which  it  occurs  broke  under  the  indenting  tool,  showing  that  the  relative 
hardness  could  not  be  measured,  but  was  considerably  greater  than  that  m 
of  cast  iron. 

The  figures  of  specific  gravity  show  a  fair  agreement  among  the  several 
authorities  in  the  alloys  containing  more  than  35  per  cent,  of  tin,  except 
those  given  by  Mallet,  which  are  in  general  very  much  lower  than  those 
by  all  the  other  authorities.  In  the  alloys  containing  less  than  35  per 
cent,  of  tin  there  is  a  wide  variation  among  all  the  different  authorities, 
Mallet's  figures,  however,  being  generally  lower  than  the  others.  Several 
of  the  figures  of  specific  gravity  have  been  selected  from  Eiche's  results 
of  experiments  on  the  effects  of  annealing,  tempering,  and  compression, 
which  shows  that  the  latter  especially  tends  to  increase  the  specific  gravity 
of  all  the  alloys  containing  less  than  20  per  cent,  tin  to  about  8.95.  This 
result,  as  stated  in  the  discussion  on  specific  gravity  (page  355),  is  due 
merely  to  the  closing  up  of  the  blowholes,  and  thus  diminishing  the 
porosity.  The  specific  gravity  of  8.953  was  obtained  by  Major  Wade  by 
casting  a  small  bar  in  a  cold  iron  mold  from  the  same  metal  which  gave 
a  specific  gravity  of  only  8.313  when  cast  in  the  form  of  a  small  bar  in 
a  clay  mold.  The  former  result  is  exceptionally  high,  and  indicates,  the 
probability  that  every  circumstance  of  the  melting,  pouring,  casting,  and 
cooling  was  favorable  to  the  exclusion  of  the  gas  which  forms  blowholes, 
and  to  the  formation  of  a  perfectly  compact  metal. 

Plate  XII  gives  a  comparison  of  the  figures  of  specific  gravity  ob- 
tained by  different  experimenters. 

The  figures  of  tenacity  given  by  Mallet,  Muschenbroek,  and  Wade 
agree  with  those  found  in  the  experiments  described  in  this  report  as 
closely  as  could  be  expected  from  the  very  variable  strengths  of  alloys 
of  the  same  composition  which  have  been  found  by  all  experimenters. 

Mallet's  figure  for  copper,  24.6  tons  or  55.104  pounds,  is  certainly  much 
too  high  for  cast  copper ;  the  piece  which  ne  tested  was  probably  rolled 
or  perhaps  drawn  into  wire.  Haswell's  Pocket  Book  gives  the  following 
as  the  tensile  strength  of  copper;  the  names  of  the  authorities  are  not 
given: 

Pounds  per 
square  inch. 

Copper,  wrought 34,000 

Copper  rolled 36,000 

Copper,  cast  (American) 24,250 

Copper,  wire 61,200 

Copper,  bolt 36,800 

•See  appendix. 
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The  figure  for  cast  American  copper  is  evidently  taken  from  the  ex- 
periments of  Major  Wade. 

The  figures  obtained  by  the  writer  for  alloys  of  7.5, 10,  and  12.5  per 
cent,  tin,  viz,  27,900,  26,860,  and  31,100  pounds,  are  much  less  than  is 
usually  given  as  the  strength  of  gun-metal.  It  must  be  remembered, 
however,  that  bronze  guns  are  usually  cast  under  the  pressure  of  a  head 
of  metal  which  tends  to  increase  the  strength  and  density.  The  strength 
of  the  upper  part  of  a  gun-casting,  or  sinking  head,  is  not  greater  than 
those  of  the  small  bars  which  have  been  tested  in  these  experiments. 
The  table  shows  the  figures  of  Major  Wade  for  the  mean  density  and 
tenacity  of  a  lot  of  83  gun-heads  of  one  composition,  and  of  12  of 
another  composition,  the  figures  for  tenacity  being  respectively  26,655 
and  26,011  pounds  per  square  inch. 

The  strength  of  gun-bronze,  as  found  in  the  guns,  is  not  given  in  the 
table,  which  is  designed  to  compare  only  the  various  authorities  on  the 
tenacities  of  the  alloys  only,  as  cast  under  ordinary  conditions,  and  not 
when  compressed,  rolled,  or  cast  under  pressure. 

The  following  are  a  few  extracts  which  have  been  made  from  the 
report  of  Major  Wade  concerning  the  strength  and  density  of  gun- 
bronze: 

Bronze  guns  made  at  Ohicopee,  Mass.,  1850. 

ft-Jj  Te-i*. 

Tin,  lpart 7.297  2,122 

Copper,  8  ports  (mean  of  9 samples) 8.672  24,252 

Mean  of  83  guns 8.751        

Mean  of  83  gnn-heads 8.523  29,655 

Extreme  variation  of  six  samples  from  different  parts  of  the  same  gun 
(a  32-pounder  howitzer) :  Specific  gravity,  8.487  to  8.835;  tenacity, 26,428 
to  52,192.  Extreme  variation  of  all  the  samples  tested :  Specific  gravity, 
8.308  to  8.850;  tenacity,  23,108  to  54,531.  Extreme  variation  of  all  the 
samples  from  the  gun-heads :  Specific  gravity,  8.308  to  8.756 ;  tenacity, 
23,529  to  35,484. 

The  materials  used  in  all  these  castings  were  of  the  same  quality ;  they 
were  melted,  cast,  and  cooled  in  the  same  manner,  and  were  designed  to 
be  similarly  treated  in  all  respects. 

Bronze  guns  made  at  South  Boston,  Mass.,  1850 — 12-pounder  howitzers. 
Composition,  10.71  parts  tin  in  100. 

Mean  of  12  gun-heads ; 8.353        26,011 

Mean  of  12  small  bars  cast  with  gun 8.800       52,253 

The  small  bars  were  cast  in  the  same  mold  as  the  gun  and  were  sub- 
jected to  the  pressure  of  the  sinking  head.  Major  Wade  remarks  that 
the  great  superiority  of  the  small  bars  over  the  ^un-heads  may  be  at- 
tributed to  their  cooling  rapidly  at  first,  and  until  they  become  solid, 
and  to  their  subsequent  cooling  being  retarded  by  the  adjacent  liquid 
mass  of  metal  in  the  gun-head.  The  bar  is  in  contact  at  one  end  with 
the  gun-head,  and  any  contraction  which  may  occur  in  it  after  its  solidi- 
fication is  supplied  by  the  liquid  metal  in  the  head,  with  a  force  due  to 
its  column  of  pressure.  This  fills  all  cavities  and  gives  compactness  to 
the  bar.  The  heat  in  the  massive  head  which  joins  the  bar  controls  and 
prolongs  its  cooling.    Small  bars,  cast  in  separate  molds,  are  cooled 


TEST8   OF   METALS. 


375 


rapidly  from  first  to  last,  and  the  cavities  formed  during  their  contraction 
are  not  supplied  from  any  separate  source.  To  these  circumstances  we 
must  attribute  their  inferiority  to  the  bars  cast  in  the  gun-molds. 

Three  howitzers,  Nos.  27,  28,  and  29,  were  cast  from  the  same  liquid 
metal  contained  in  a  crane-ladle.  No.  27  was  cast  when  the  metal  was 
at  the  highest  temperature:  No.  28  was  cast  fifteen  minutes  later;  and 
No.  29  fourteen  minutes  after  No.  28.  The  following  results  were  ob- 
tained: 


Temperature    of 
metal  at  cast- 
ing. 

Specific  gravity— 

Tenacity. 

n 

Of  gun- 
heads. 

Of  entire 
gun. 

Of  small  bars  oast 
in— 

Of  gun- 
heads. 

Of  small  bars  oast 
in — 

s 

a 

Gun- 
mold. 

Separate 
mold. 

Gun- 
mold. 

Separate 
mold. 

27 

?8 

0 
15 
29 

Highest 

Mean 

7.086 
a  361 

8.195 
ft_«n 

a  686 
a  823 
a  846 

a  554 
a  447 
a  876 

17,761 
28,995 
28,722 

50,973 
52,330 
66,786 

31,132 
28,153 
28,082 

?9 

Lowest 

8.538          8-TC2 

In  casting  another  howitzer,  No.  30,  small  test-bars  were  cast  in  sep- 
arate molds,  one  of  which  was  of  cast  iron,  to  ascertain  the  effect  of 
sudden  cooling,  and  the  others  were  of  clay,  similar  to  the  gun-mold. 
The  tests  of  all  the  samples  from  this  casting  were  as  follows: 

Mr°  TeM0i*' 

Small  bare  cast  separately  in  iron  mold 8.953  37,688 

Small  bare  cast  separately  in  clay  mold 8.313  25,783 

Small  bars  cast  in  gun-mold 8.896  53,798 

Gun-head  samples 8.490  35,578 

Finished  howitzer 8.  733 

In  the  conclusion  to  his  report  on  gun-bronze  Major  Wade  says: 
"The  general  results  which  are  exhibited  in  this  report,  on  the  qualities 
of  bronze  as  they  are  found  in  guns,  are  mostly  of  a  negative  character. 
They  expose  defects  in  density  and  strength,  develop  the  heterogeneous 
texture  of  the  metal  in  different  parts  of  the  same  gun,  and  show  the 
irregularity  and  uncertainty  of  quality  which  attend  the  casting  of  all 
guns,  although  made  from  similar  materials,  treated  in  like  manner.  The 
ascertained  facts  which  this  report  exhibits,  although  they  relate  chiefly 
to  existing  imperfections  in  the  art  of  manufacturing  bronze,  will,  it  is 
believed,  be  found  useftil.  They  may  serve  to  awaken  the  attention  of 
those  who  may  henceforth  be  concerned  in  conducting  this  branch  of 
service,  and  to  suggest  such  improved  methods  of  treating  the  materi- 
als as  will  ultimately  raise  our  knowledge  of  the  art  to  an  equality  with 
that  which  has  been  attained  in  the  manufacture  of  iron  cannon." 

That  the  strength  of  ordinary  ordnance-bronze  is  still  variable,  twenty 
years  after  Mjgor  Wade's  report  was  writteu,  is  shown  by  the  following 
records  of  twelve  tests  made  by  the  Ordnance  Department!  United  States 
Navy,  and  famished  to  the  writer  by  Capt.  William  N.  Jeffers,  United 
States  Navy,  Chief  of  the  Bureau  of  Ordnance. 
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The  figure  for  cast  American  copper  is  evidently  taken  from  the  ex- 
periments of  Major  Wade. 

The  figures  obtained  by  the  writer  for  alloys  of  7.5, 10,  and  12.5  per 
cent,  tin,  viz,  27,900,  26,860,  and  31,100  pounds,  are  much  less  than  is 
usually  given  as  the  strength  of  gun-metal.  It  must  be  remembered, 
however,  that  bronze  guns  are  usually  cast  under  the  pressure  of  a  head 
of  metal  which  tends  to  increase  the  strength  and  density.  The  strength 
of  the  upper  part  of  a  gun-casting,  or  sinking  head,  is  not  greater  than 
those  of  the  small  bars  which  have  been  tested  in  these  experiments. 
The  table  shows  the  figures  of  Major  Wade  for  the  mean  density  and 
tenacity  of  a  lot  of  83  gun-heads  of  one  composition,  and  of  12  of 
another  composition,  the  figures  for  tenacity  being  respectively  26,655 
and  26,011  pounds  per  square  inch. 

The  strength  of  gun-bronze,  as  found  in  the  guns,  is  not  given  in  the 
table,  which  is  designed  to  compare  only  the  various  authorities  on  the 
tenacities  of  the  alloys  only,  as  cast  under  ordinary  conditions,  and  not 
when  compressed,  rolled,  or  cast  under  pressure. 

The  following  are  a  few  extracts  which  have  been  made  from  the 
report  of  Major  Wade  concerning  the  strength  and  density  of  gun- 
bronze: 

Bronze  guns  made  at  Ohioopee,  Mass.,  1850. 

3K£    Tensity. 

Tin,  lpart 7.297  2,122 

Copper,  8  ports  (mean  of  9 samples) 8.672  24,252 

Mean  of  83  guns 8.751        

Mean  of  83  gun-heads 8.523  29,655 

Extreme  variation  of  six  samples  from  different  parts  of  the  same  gun 
(a  32-pounder  howitzer):  Specific  gravity,  8.487  to  8.835  j  tenacity, 26,428 
to  52,192.  Extreme  variation  of  all  the  samples  tested :  Specific  gravity, 
8.308  to  8.850;  tenacity,  23,108  to  54,531.  Extreme  variation  of  all  the 
samples  from  the  gun-heads :  Specific  gravity,  8.308  to  8.756 ;  tenacity, 
23,529  to  35,484. 

The  materials  used  in  all  these  castings  were  of  the  same  quality;  they 
were  melted,  cast,  and  cooled  in  the  same  manner,  and  were  designed  to 
be  similarly  treated  in  all  respects. 

Bronze  guns  made  at  South  Boston,  Mass.,  1850 — 12-pounder  howitzers. 
Composition,  10.71  parts  tin  in  100. 

Mean  of  12gun-heads i 8.353        26,011 

Mean  of  12  small  bars  cast  with  gun 8.800       52,253 

The  small  bars  were  cast  in  the  same  mold  as  the  gun  and  were  sub- 
jected to  the  pressure  of  the  sinking  head.  Major  Wade  remarks  that 
the  great  superiority  of  the  small  bars  over  the  gun-heads  may  be  at- 
tributed to  their  cooling  rapidly  at  first,  and  until  they  become  solid, 
and  to  their  subsequent  cooling  being  retarded  by  the  adjacent  liquid 
mass  of  metal  in  the  gun-head.  The  bar  is  in  contact  at  one  end  with 
the  gun-head,  and  any  contraction  which  may  occur  in  it  after  its  solidi- 
fication is  supplied  by  the  liquid  metal  in  the  head,  with  a  force  due  to 
its  column  of  pressure.  This  fills  all  cavities  and  gives  compactness  to 
the  bar.  The  heat  in  the  massive  head  which  joins  the  bar  controls  and 
prolongs  its  cooling.    Small  bars,  cast  in  separate  molds,  are  cooled 
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As  before  stated,  compression  of  the  metal,  either  in  the  fluid  state  or 
after  it  has  solidified,  increases  the  density  and  consequently  the  strength, 
by  closing  the  blow-holes  and  compressing  the  gas  which  the  blow-holes 
contain* 

If  the  formation  of  the  gas  which  causes  these  blow-holes  can  be  pre- 
vented, or  if  it  can  be  removed  from  the  metal  while  the  latter  is  still  in 
a  fluid  state,  it  is  evident  that  the  cast  metal  will  be  entirely  free  from 
them,  and  a  metal  of  greater  density  and  strength  will  be  obtained 
which  may  not  need  farther  compression. 

No  means  has  yet  been  discovered  by  which  this  desirable  result  may 
be  accomplished,  but  it  is  not  improbable  that  it  may  be  done  by  a 
proper  system  of  treatment  of  the  fluid  metal,  or  by  the  use  of  fluxes 
which  shall  chemically  unite  with  the  gas  of  the  blow-holes  and  prevent 
its  existence  in  the  gaseous  state.  The  subject  offers  a  fruitful  field  for 
experiment;  one  which  it  is  proposed  to  explore  after  concluding  the 
researches  in  progress  on  castings  of  copper-tin,  copper-zinc,  and  triple 
alloys. 
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Navy  ordnance-bronze  tested  in  1875  and  1S76  at  Washington,  D.  0. 


Mark. 


Tensile   strength  per  I     a  «~» 
square  inch  of—  £  m  q 


lit 


Original 
section. 


Fractured 
section.    , 


c  S  m 

III 


Ml,  3-4-75 

1         42,037 

M2, 3-4-75 

.'          41,768 

BB.IX 

22,  385 

M  2, 5-6-75 

45, 737 

No.  3, 8-21-75  .. 

49, 772 

No.  2, 8-::  1-75... 

48, 000 

GB2,5-f>-75  ... 

35,  820 

GB  8, 5-0-75 

29, 818 

B  3  L,  12-70-75  . 

33,  630 

MIC,  3-11-76.. 

51, 459 

B  2  C,  3-11-76    . 

45,  837 

B  8  C,  3-11-76  . . 

44,  869 

70,000  |        .4795 
71,000  '        .478 

100 

.522 
65, 600     ,  2603 
60,000     .211 

4975 

0291 

39,000  ,  .135 
91,600  I  .580 
73, 450  i  .  396 
71,600  '    .415 


.40 
.417 


.470 
.240 


.50 


.134 
.438 
.376 
.373 


! 

© 

1 


8.878 


a  392 


8.853 


|  Full  of  large  tin  spots. 

Cast  in  chill  mold. 
Cast  in  chill  mold. 

Flaw  in  the  breakingportian. 
Cast  in  chill  mold. 

Cast  in  chill  mold. 
Cast  in  chill  mold. 


The  guns  cast  in  chill  molds  were  composed  of  10  parts  of  copper  to 
1  part  of  tin;  the  others  were  of  9  parts  of  copper  to  1  part  of  tin. 

That  a  great  improvement  may.  be  made  in  the  density  and  tenacity 
of  gun-bronze  by  compression  has  been  shown  by  the  experiments  of 
Mr.  S.  B.  Dean,  in  Boston.  Mass.,  in  1869,  and  by  those  of  General  Ucha- 
tius,  in  Austria.*  in  187a.  The  former  increased  the  density  of  the 
metal  next  the  fx>re  of  the  gun  from  8.321  to  8.875,  and  the  tenacity 
from  27,238  to  41,471  pounds  per  square  inch.  The  latter  by  a  similar 
process  obtained  the  following  figures  for  tenacity: 

Pounds  per  square  Inch. 

Bronze  with  10  percent,  tin 72,053 

Bronze  with  8  per  cent,  tin 73,958 

Bronze  with  6  per  cent,  tin 77,656 

The  density  of  these  specimens  is  not  given,  but  it  probably  approaches 
very  closely  to  8.95.  It  is  believed  that  the  experiments  of  General 
Uchatius  are  still  in  progress. 

The  experiments  of  Eiche  have  also  shown  the  increase  of  density  by 
compression  and  tempering.  A  translation  of  his  paper  on  this  subject 
is  given  in  the  appendix. 

The  table  of  comparison  of  authorities  is  by  no  means  complete.  No. 
account  is  taken  of  a  vast  number  of  ancient  bronzes,  weapons,  medals, 
coins,  and  sonorous  instruments,  which  have  been  described  by  various 
writers.  These,  however,  differ  but  little  in  composition  and  properties 
from  the  ordnance  and  bell  metal  given  in  the  tables. 

It  will  be  observed  that  while  there  is  considerable  irregularity  in  the 
tenacity  of  the  alloys  containing  more  than  27.5  per  cent  of  tin,  they 
are  all  extremely  weak,  the  highest  strength  found  by  any  experimenter 
being  only  8,736  pounds,  and  valueless  for  all  purposes  in  which  strength 
is  required. 

It  has  been  shown  that  the  useful  alloys,  those  which  contain  less  than 
27.5  per  cent,  of  tin,  have  strengths  which  are  nearly  proportional  to  their 
densities.  A  systematic  investigation  remains  yet  to  be  made  to  ascer- 
tain the  various  causes  which  operate  to  produce  the  blow-holes  which 
are  the  principal  cause  of  the  lack  of  density,  and  the  means  which  may 
be  taken  to  prevent  the  operation  of  these  causes. 

•Ordnance  Notes  No.  XL,  Washington,  D.  C.,  1876. 
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As  before  stated,  compression  of  the  metal,  either  in  the  fluid  state  or 
after  it  has  solidified,  increases  the  density  and  consequently  the  strength, 
by  closing  the  blow-holes  and  compressing  the  gas  which  the  blow-holes 
contain* 

If  the  formation  of  the  gas  which  causes  these  blow-holes  can  be  pre- 
vented, or  if  it  can  be  removed  from  the  metal  while  the  latter  is  still  in 
a  fluid  state,  it  is  evident  that  the  cast  metal  will  be  entirely  free  from 
them,  and  a  metal  of  greater  density  and  strength  will  be  obtained 
which  may  not  need  further  compression. 

No  means  has  yet  been  discovered  by  which  this  desirable  result  may 
be  accomplished,  but  it  is  not  improbable  that  it  may  be  done  by  a 
proper  system  of  treatment  of  the  fluid  metal,  or  by  tike  use  of  fluxes 
which  shall  chemically  unite  with  the  gas  of  the  blow-holes  and  prevent 
its  existence  in  the  gaseous  state.  The  subject  offers  a  fruitful  field  for 
experiment^  one  which  it  is  proposed  to  explore  after  concluding  the 
researches  in  progress  on  castings  of  copper-tin,  copper-zinc,  and  triple 
alloys. 
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In  the  above  table  the  figures  of  order  of  ductility,  malleability,  hard- 
ness, and  fusibility  (see  also  Plate  XV)  are  taken  from  Malletfs  experi- 
ments on  a  series  of  16  alloys,*  the  figure  1  representing  the  maximum 
and  16  the  minimum  of  the  property.  The  ductility  of  the  brittle  metals 
is  represented  by  Mallet  as  0. 

The  relative  ductility  given  in  the  table,  of  the  alloys  experimented  on 
by  the  board,  is  the  proportionate  extension  of  the  exterior  fibers  of  the 
pieces  tested  by  torsion  as  determined  by  the  autographic  strain-diagrams. 
It  will  be  seen  that  the  order  of  ductility  differs  widely  from  that  given 
by  Mallet. 

The  figures  of  relative  hardness,  on  the  authority  of  Calvert  and 
Johnson  (Plate  XV),  are  those  obtained  by  them  by  means  of  an  indent- 
ing tool.  The  figures  are  on  a  scale  in  which  ca$t  iron  is  rated  at  1,000. 
The  word  "broke"  in  this  column  indicates  the  fact  that  the  alloy  opposite 
which  it  occurs  broke  under  the  indenting  tool,  showing  that  the  relative 
hardness  could  not  be  measured,  but  was  considerably  greater  than  that 
of  cast  iron. 

The  figures  of  specific  gravity  show  a  fair  agreement  among  the  several 
authorities  in  the  alloys  containing  more  than  35  per  cent,  of  tin,  except 
those  given  by  Mallet,  which  are  in  general  very  much  lower  than  those 
by  all  the  other  authorities.  In  the  alloys  containing  less  than  35  per 
cent,  of  tin  there  is  a  wide  variation  among  all  the  different  authorities, 
Mallet's  figures,  however,  being  generally  lower  than  the  others.  Several 
of  the  figures  of  specific  gravity  have  been  selected  from  Kiche's  results 
of  experiments  on  the  effects  of  annealing,  tempering,  and  compression, 
which  shows  that  the  latter  especially  tends  to  increase  the  specific  gravity 
of  all  the  alloys  containing  less  than  20  per  cent,  tin  to  about  8.95.  This 
result,  as  stated  in  the  discussion  on  specific  gravity  (page  355),  is  due 
merely  to  the  closing  up  of  the  blowholes,  and  thus  diminishing  the 
porosity.  The  specific  gravity  of  8.953  was  obtained  by  Major  Wade  by 
casting  a  small  bar  in  a  cold  iron  mold  from  the  same  metal  which  gave 
a  specific  gravity  of  only  8.313  when  cast  in  the  form  of  a  small  bar  in 
a  clay  mold.  The  former  result  is  exceptionally  high,  and  indicates,  the 
probability  that  every  circumstance  of  the  melting,  pouring,  casting,  and 
cooling  was  favorable  to  the  exclusion  of  the  gas  which  forms  blowholes, 
and  to  the  formation  of  a  perfectly  compact  metal. 

Plate  XII  gives  a  comparison  of  the  figures  of  specific  gravity  ob- 
tained by  different  experimenters. 

The  figures  of  tenacity  given  by  Mallet,  Muschenbroek,  and  Wade 
agree  with  those  found  in  the  experiments  described  in  this  report  as 
closely  as  could  be  expected  from  the  very  variable  strengths  of  alloys 
of  the  same  composition  which  have  been  found  by  all  experimenters. 

Mallet's  figure  for  copper,  24.6  tons  or  55,104  pounds,  is  certainly  much 
too  high  for  cast  copper ;  the  piece  which  he  tested  was  probably  rolled 
or  perhaps  drawn  into  wire.  HaswelPs  Pocket  Book  gives  the  following 
as  the  tensile  strength  of  copper;  the  names  of  the  authorities  are  not 
given: 

Pounds  per 
square  inch. 

Copper,  wrought 34,000 

Copper  rolled 36,000 

Copper,  cast  (American) 24,250 

Copper,  wire 61,200 

Copper,  bolt 36,800 


*8ee  appendix. 
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The  figure  for  cast  American  copper  is  evidently  taken  from  the  ex- 
periments of  Major  Wade. 

The  figures  obtained  by  the  writer  for  alloys  of  7.5, 10,  and  12.5  per 
cent,  tin,  viz,  27,900,  26,860,  and  31,100  pounds,  are  much  less  than  is 
usually  given  as  the  strength  of  gun-metal.  It  must  be  remembered, 
however,  that  bronze  guns  are  usually  cast  under  the  pressure  of  a  head 
of  metal  which  tends  to  increase  the  strength  and  density.  The  strength 
of  the  upper  part  of  a  gun-casting,  or  sinking  head,  is  not  greater  than 
those  of  the  small  bars  which  have  been  tested  in  these  experiments. 
The  table  shows  the  figures  of  Major  Wade  for  the  mean  density  and 
tenacity  of  a  lot  of  83  gun-heads  of  one  composition,  and  of  12  of 
another  composition,  the  figures  for  tenacity  being  respectively  26,655 
and  26,011  pounds  per  square  inch. 

The  strength  of  gun-bronze,  as  found  in  the  guns,  is  not  given  in  the 
table,  which  is  designed  to  compare  only  the  various  authorities  on  the 
tenacities  of  the  alloys  only,  as  cast  under  ordinary  conditions,  and  not 
when  compressed,  rolled,  or  cast  under  pressure. 

The  following  are  a  rew  extracts  which  have  been  made  from  the 
report  of  Major  Wade  concerning  the  strength  and  density  of  gun- 
bronze: 

Browse  guns  made  at  Ohicopee,  Mem.,  1850. 

Tin,  lpart 7.297  2,122 

Copper,  8 parts  (mean  of  9 samples) 8.672  24,252 

Mean  of  83  guns 8.751        

Mean  of  83  gnn-heads 8.523  29,655 

Extreme  variation  of  six  samples  from  different  parts  of  the  same  gun 
(a  32-pounder  howitzer) :  Specific  gravity,  8.487  to  8.835;  tenacity,  26,428 
to  52,192.  Extreme  variation  of  all  the  samples  tested:  Specific  gravity, 
8.308  to  8.850;  tenacity,  23,108  to  54,531.  Extreme  variation  of  all  the 
samples  from  the  gun-heads :  Specific  gravity,  8.308  to  8.756 ;  tenacity, 
23,529  to  35,484. 

The  materials  used  in  all  these  castings  were  of  the  same  quality ;  they 
were  melted,  cast,  and  cooled  in  the  same  manner,  and  were  designed  to 
be  similarly  treated  in  all  respects. 

Bronze  guns  made  at  South  Boston,  Mass.,  1850 — 12-pounder  howitzers. 
Composition,  10.71  parts  tin  in  100. 

Mean  of  12  gun-heads i 8.353        26,011 

Mean  of  12  small  bars  cast  with  gnn 8.800       52,253 

The  small  bars  were  cast  in  the  same  mold  as  the  gun  and  were  sub- 
jected to  the  pressure  of  the  sinking  head.  Major  Wade  remarks  that 
the  great  superiority  of  the  small  bars  over  the  gun-heads  may  be  at- 
tributed to  their  cooling  rapidly  at  first,  and  until  they  become  solid, 
and  to  their  subsequent  cooling  being  retarded  by  the  adjacent  liquid 
mass  of  metal  in  the  gun-head.  The  bar  is  in  contact  at  one  end  with 
the  gun-head,  and  any  contraction  which  may  occur  in  it  after  its  solidi- 
fication is  supplied  by  the  liquid  metal  in  the  head,  with  a  force  due  to 
its  column  of  pressure.  This  fills  all  cavities  and  gives  compactness  to 
the  bar.  The  heat  in  the  massive  head  which  joins  the  bar  controls  and 
prolongs  its  cooling.    Small  bars,  cast  in  separate  molds,  are  cooled 
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rapidly  from  first  to  last,  and  the  cavities  formed  during  their  contraction 
are  not  supplied  from  any  separate  source.  To  these  circumstances  we 
must  attribute  their  inferiority  to  the  bars  cast  in  the  gun- molds. 

Three  howitzers,  Nos.  27,  28,  and  29,  were  cast  from  the  same  liquid 
metal  contained  in  a  crane-ladle.  No.  27  was  cast  when  the  metal  was 
at  the  highest  temperature;  No.  2S  was  cast  fifteen  minutes  later;  and 
No.  29  fourteen  minutes  after  No.  28.  The  following  results  were  ob- 
tained: 


! 

Temperature    of 
metal  at  cast- 
ing. 

Specific  gravity— 

Tenacity. 

t 

Of  gun- 
heads. 

7.080 
a  361 
a  538 

Of  entire 
gun. 

Of  small  bars  oast 
in— 

Of  gun- 
heads. 

Of  small  bars  cast 
in— 

1 

Gun- 
mold. 

Separate 
mold. 

Gun- 
mold. 

Separate 
mold. 

27 
28 

0 
16 
20 

Highest 

Mean 

a  106 
a  661 
a  762 

a  686 
a  828 
a  846 

a  664 
a  447 
a  876 

17, 761 
28,005 
23, 722 

60,073 
52,330 
66,786 

31,132 
28,163 

?0 

Lowest 

28,082 

In  casting  another  howitzer,  No.  30,  small  test-bars  were  cast  in  sep- 
arate molds,  one  of  which  was  of  cast  iron,  to  ascertain  the  effect  of 
sudden  cooling,  and  the  others  were  of  clay,  similar  to  the  gun-mold. 
The  tests  of  all  the  samples  from  this  casting  were  as  follows: 

£*£  *«*«**■ 

Small  bars  oast  separately  in  iron  mold 8.953  37,688 

Small  bars  cast  separately  in  clay  mold 8.313  25,783 

Small  bars  cast  in  gun-mold 8.896  53,798 

Gun-head  samples 8.490  35,578 

Finished  howitzer 8.733 

In  the  conclusion  to  his  report  on  gun-bronze  Major  Wade  says: 
"The  general  results  which  are  exhibited  in  this  report,  on  the  qualities 
of  bronze  as  they  are  found  in  guns,  are  mostly  of  a  negative  character. 
They  expose  defects  in  density  and  strength,  develop  the  heterogeneous 
texture  of  the  metal  in  different  parts  of  the  same  gun,  and  show  the 
irregularity  and  uncertainty  of  quality  which  attend  the  casting  of  all 
guns,  although  made  from  similar  materials,  treated  in  like  manner.  The 
ascertained  facts  which  this  report  exhibits,  although  they  relate  chiefly 
to  existing  imperfections  in  the  art  of  manufacturing  bronze,  will,  it  is 
believed,  be  found  useful.  They  may  serve  to  awaken  the  attention  of 
those  who  may  henceforth  be  concerned  in  conducting  this  branch  of 
service,  and  to  suggest  such  improved  methods  of  treating  the  materi- 
als as  will  ultimately  raise  our  knowledge  of  the  art  to  an  equality  with 
that  which  has  been  attained  in  the  manufacture  of  iron  cannon." 

That  the  strength  of  ordinary  ordnance-bronze  is  still  variable,  twenty 
years  after  M^jor  Wade's  report  was  written,  is  shown  by  the  following 
records  of  twelve  tests  made  by  the  Ordnance  Department  United  States 
Navy,  and  furnished  to  the  writer  by  Oapt.  William  N.  Jeffers,  United 
States  Navy,  Chief  of  the  Bureau  of  Ordnance. 
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BECORD  OF  TESTS  BY  TENSILE  STRESS. 

[First  aerie*.] 

HfcHjjncAL  Laboratory,  Depabtmeht  of  EKfcwuranio,  Stbybks  Dsbtitutji  of  Tbchvoloot. 

TABLE  LI.— CAST  COPPER. 

Original  mark :  No.  1  A.— Material:  Cost  copper!— Dimensions :  Length,?'.    Diameter,  0.796/'. 


Load  per 
square 
inch. 


Pounds.     Pound*.        Inches. 
6.0C0  11,800  0.01 

6,  825  13, 650  0. 03 

7,090  U,  180  0. 03 

Broke  i  inch  from  end  marked  C. 


Elongation 
inSinohes. 


Elongation  i  n 
parts  of  orig- 
inal length. 


.0020 
.0080 


DLimeter  of  fractured  section,  0. 700  inch. 

Several  blowholes  in  section;  estimated  area  of 
I  blowholes,  0.053  square  inch. 

Tenacity  per  square  inch  original  section,  14, 180 
pounds. 

Tenacity  per  square  inch,  deducting  blowholes, 
15,865  pounds. 

Trnacity  per  square  inch  in  fractured  i 
14,464  pounds. 


TABLE  ML— CAST  COPPER. 
Original  mark:  No,  1 B.— Material:  Cast  copper.— Dimensions:  Length,  6".    Diameter,  .9796". 


Load  per 
square 
inch. 


Pounds. 
0.100 
11,340 


Elongation 
in  6.00 
inches. 


Pound*. 
4,550 
5,670 
Broke  about  20  seconds  after  strain  was  applied 


Inches. 
0.01 
0.02 


Elongation  in 
parts  of  orig- 
inal length. 


.0017 
.0033 


i  inch  from  B  end. 


Diameter  of  fractured  section,  0.702  inch. 

Estimated  area  of  blowholes  in  section,  0.0575 
square  inch. 

Tenacity  per  square  ineh  in  original  section, 
11,340  pounds. 

Tenacity  per  square  inch,  deducting  blowholes, 
12,814  pounds. 

Tenacity  per  square  inch  in  fractured  section, 
11,600  pounds. 


TABLE  LUX— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 2  A.— Material :  Alloy.— Original  mixture:  08.1  Cu,  1.0  Sn.— Analysis :  97.05  Cu, 
1.88  Sn.— Dimensions :  Length,  5".    Diameter,  0.708". 


Load. 


Pounds 

4,310 

5,110 

5,31)0 

5,700 

6,350 

0 

6,800 

7,250 

7,570 

8,300 

8,060 

0,450 

10,000 

10,800 


Lond  per 
square 
inch. 


Pounds. 

8,020 
10, 220 
10,780 
11,400 
12, 700 

"*13,000* 
14,500 
15, 140 
16,61)0 
17,020 
18,000 
20,000 
21,600 


Elongation 
in  4.08 
inches. 


Inches. 
0.01 
0.02 
0  03 
0.04 
0.06 

Set  0. 05 
0.08 
0.11 
0.14 
0.22 
0.27 
0.31 
0.88 
0.40 


Elongation  in 
parts  of  orig- 
inal length. 


.0020 
.0040 
.0060 
.0080 
.0120 


.0160 
.0220 
.0281 
.0442 
.0542 
.0623 
.0763 
.0064 


Load. 


Load  per 
square 
inch. 


Elongation  Elongation  in 
in  4.08  parts  of  orig- 
inches.  mal  length. 


Pound*.     Pounds.         Inches. 
11,600  23,200  0.56  .1125 

12,000  24,000  0.62  .1245 

12,600  25,200  0.78  .1566 

Broke  at  A  end. 

At  10, 800  the  elongation  was  observed  to  increase 
with  time. 

Diameter  of  fractured  section,  0.730  inch. 

A  large  number  of  blowholes  in  the  fractured 
section,  but  their  size  was  too  small  to  be  measured. 

Tenacity  per  square  inch  original  section,  25,200 
pounds. 

Tenacity  per   square  inch  fractured  section, 
30,104  pounds. 
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RECORD  OF  TESTS  BT  TENSILE  STRESS— Continued, 

[Mrst  series.'} 

Mechanical  Laboratory,  Dkpabtmest  of  Engdierrikg,  Stivers  Ixbtitutr  of  Techhology. 

TABLE  LIT.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  2  B.— Material:  Alloy.— Original  mixture:  98.1  Cu,  1.9.  Sn.— Analysis:  97.88  Co, 
1.92  Sn.— Dimensions:  Length,  4f'.    Diameter,  0.798". 


Load  fter 
square 
inch. 


Elongation 
in  4  inches. 


Elongation  in 
parts  of  origi- 
nal length. 


Load  per 
square 
inch. 


Elongation 
in  4  inches. 


Elongation  in 
parts  of  origi- 
nal length. 


Founds. 
4,725 
6,100 
6,560 
6,990 
7,620 
0 
7,860 
8,220 
8,930 
9,270 
9,876 
10,610 
11,250 


Pounds. 
9,450 
12,200 
13,120 
18,980 
15,040 


15,720 
16,440 
17,860 
18,540 
19,750 
21,220 
22,500 


Inches. 
0.01 
0.03 
0.04 
0.06 
0.10 

Set  0. 10 

an 
a  13 

0.16 
0.20 
0.24 
0.30 
0.85 


.0025 
.0075 
.0100 
.0150 
.0250 


Pounds. 
11,690 


Pounds. 
23,380 
23,960 


Inehss. 
0.40 
0.44 


.1000 
.1100 


.0275 
.0325 
.0400 
.0600 
.0600 
.0750 
.0875 


1U--  

Broke  1}  inches  from  B  end. 

Fractured  section,  elliptical  diameters,  0.717  and 
0.730  inch. 

One  blowhole,  area  0.059  square  inch;  the  rest 
of  the  surface  free. 

Tenacity  per  square  inch  of  original  section, 
23,960  pounds. 

Tenacity  per  square  inch,  deducting  blowhole, 
27.166  pounds. 

Tenacity  per  square  inch  in  fractured  section, 
29,142  pounds. 


TABLE  L V— ALLOY  OF  COPPEB  A2STD  TIN. 

Original  mark:  No.  3  A.— Material:  Alloy.— Original  mixture:  98.27  Cu,  9.73  Sn.— Analysis:  96.16  Cu, 
8.71  Sn.— Dimensions:  Length,  6".    Diameter,  0.798". 


Pounds. 

6,000 

7,850 

9,200 

9,850 

0 

11,000 

11,580 

12,000 

12,530 

13,150 

In  lm. 

13,780 

14,150 

14,650 


Load  per 
square 
inoh. 


Pounds. 
12,000 
15,700 
18,400 
19,700 


22,000 
29,100 
24,000 
25,060 
26,300 


27,500 
28,300 
29,300 


Elongation 
in  6  inches. 


Inches. 
0.01 
0.02 
0.06 
0.10 

Set  0.09 
0.18 
0.24 
0.29 
0.86 
0.40 
0.45 
0.48 
0.54 
0.61 


Elongation  in 
parts  of  origi- 
nal length. 


.0017 
.0033 
.0100 
.0167 


.0400 
.0483 
.0600 
.0667 
.0750 
.0800 
.0900 
.1017 


Pounds. 
15,200 
15,480 


Load  per 
square 
inch. 


Pounds. 
30,400 
80,960 


Elongation 
in  6  inches. 


Inehss. 
0.70 
0.79 


Elongation  in 
parte  of  origi- 
nal length. 


.1167 
.1317 


Broke  14  Inches  from  C  end. 

Diameter  of  fractured  section,  0.696  inoh. 

One  blowhole  in  center  of  specimen,  extending 
through  about  3  inches  of  its  length.  Area  of 
blowhole  at  fractured  section,  0.076  square  inch. 

Tenacity  per  square  inoh  original  section,  30,960 
pounds. 

Tenacity  per  square  inoh,  deducting  blowhole, 
36,509  pounds. 

Tenacity  per  square  inch  fractured  section, 
40, 687  pounds. 


TABLE  LVL— ALLOY  OF  COPPER  AND  TIN. 


Original  mark:  No.  3  B.— Material:  Alloy.— Original  mixture:  96.27  Cu,  3.78  Sn.— Analysis:  90.96  0a, 

3.80  Sn.- 

-Dimensions:  Length,  5*".    Diameter,  0.798". 

Load. 

Load  per 
square 
inch. 

Elongation 
in  5  inches. 

Elongation      in 
parts  of  origi- 
nal length. 

Load. 

Load  per 
square 
inch. 

Elongation 
in  5  inches. 

Elongation     in 
parts  of  origi- 
nal length. 

Pounds. 

Pounds. 

Inches. 

Pounds. 

Pounds. 

Inches. 

6,050 

12,100 

0.01 

.0020 

16,400 

32,800 

0.68 

.1869 

8,120 

16,240 

0.03 

.0060 

16,520 

83,040 

0.77 

.1540 

10,000 

20,000 

0.05 

.0100 

0 

Set  0.04 
0.08 

Broke  in  middle. 

10,850 

21,700 

.0160 

Diameter  of  fractured  section,  0.686  inch. 

Two  blowholes  in  surface  of  fracture.    Area, 

11,550 

23,100 

0.12 

.0240 

12,840 

24,680 

0.19 

.0380 

0.0295  square  inch. 
Tenacity  per  square  inch  original  section,  83,040 

12,930 

25,900 

0.24 

.0480 

13,450 

26,900 

0.30 

.0600 

pounds. 

18,880 

27,760 

0.34 

.0680 

Tenacity  per  square  inoh,  deducting  blowholes, 
35,112  pounds. 
Tenacity  per  square  inch  fractured  section, 

14,440 

28,880 

0.89 

.0780 

15,000 

80,000 

0.46 

.0920 

15,600- 

81,000 

0.52 

.1040 

44,696  pounds. 

16,000 

82,000 

0.62 

.1240 
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BECOBD  OF  TESTS  BT  TENSILE  STBESS— Continued, 

IFlrst  series,'} 

Mbchahical  Laboratory,  Drpartmrnt  of  EvGnntBRnro,  Stevens  Ikstitutb  of  Technology. 

TABLE  LVIL— ALLOT  OP  COPPEB  AND  TIN. 

92.14  Cu, 


Original  mark:  No.  4  A.— Material:  Alloy.— I 
7.84Sn.-Df  * 


mixture:  02.8  Co,  7.2  Sn.— Analysis: 
Length,  5'.    Diameter,  0.798". 


Load. 


Pounds. 

5,100 

8,000 

10,000 

10,760 

11, 410 

0 

11,900 

12,800 

13,140 

14,000 


Load  per 
square 
inch. 


round*. 
10,200 
16,000 
20,000 
21,520 
22,820 


23,600 
25,600 
26,280 
28,000 


Elongation 
in  5  inches. 


Inches. 
0.01 
0.02 
0.03 
a  05 
0.09 

Set  0. 08 
0.11 
0.14 
0.21 
0.27 


Elongation  in 
parts  of  origi- 
nal length. 


.0020 
.0040 
.0060 
.0100 
.0180 


.0220 
.0280 
.0420 
.0540 


Load. 


Pounds. 
14, 610 
14,650 


Load  per 
square 
inch. 


Pound*. 
29,220 
29,800 


Elongation 
in  5  inches. 


Inches. 
0.87 
0.89 


Elongation      in 
4  parts  of  origi- 
nal length. 


.0740 
.0780 


No 


Broke  1}  inohes  from  C  end. 

Diameter  of  fractured  section,  0.730  inch, 
blowholes. 

Tenacity  per  square  inch  of  original  section, 
29,300  pounds. 

Tenacity  per  square  inch  in  fractured  section, 
35,002  pounds. 


TABLE  LVm— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  4  B.— Material:  Allov.— Original  mixture:  92.8  Cu,  7.2  Sn.— Dimensions:  Length, 

5i".    Diameter,  0.798." 


Load  per 

Elongation 

Elongation     In 

Broke  If  inches  from  D  end. 

Load. 

square 

in      5.23 

parts  of  origl-  : 

Diumeter  of  fractured  section,  0.737  inch.    No 

inch. 

inches. 

nal  length. 

i 

blowholes. 

Tenacity  per  square  Inch  of  original  section, 
27.780  pounds. 

Pounds. 

Pounds. 

Inches. 

Tenacity  per  square  inch  in  fractured  section, 
32,059  pounda. 

8,000 

16,000 

0.01 

.0019 

10,000 

20,000 

0.02 

.0039 

.11,000 

22,000 

0.03 

.0057 

11,700 

23,400 

0.05 

.0096 

12,000 

24,000 

0.07 

.0034 

0 

Set  0.06 
0.09 

12,500 

25,000 

.0172 

18,680 

27,360 

0.16 

.0306 

13,890 

27,780 

0.17 

.0325 

TABLE  LIX.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  5  A.— Material:  Alloy.— Original  mixture:  90  Cu,  10  Sn. 
9.66  Sn.— Dimensions:  Length,  3.4".    Diameter,  0.798". 


-Analysis:  90.11  Cu, 


Load  per 

Elongation 
in  3.4  in- 

Elongation    in 

Broke  14  inohes  from  C  end. 

Load. 

square 

parts  of  origi- 

Diameter of  fractured  section,  0.745  inch. 

inch. 

ches. 

nal  length. 

A  few  very  small  blowholes. 

Tenacity  per  square  inch  in  original  section, 
26/720  pounds. 

Tenacity  per  square  inch  in  fractured  section, 
30,649  pounds. 

Pounds. 

Pounds. 

Inches. 

4,700 

9,400 

0.01 

.0029 

7,640 

15,280 

0.02 

.0059 

12,340 

24,680 

a  06 

.0176 

12,760 

25,520 

0.10 

.0204 

13,260 

26,520 

0.13 

.0384 

13,360 

26,720 

0.14 

.0412 

TABLE  LX.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  5  B.— Material:  Alloy.— Original  mixture:  90  Cu,  10  Sn Analysis:  90.43  Cu, 

9.50  Sn.— Dimensions:  Length,  3.45".    Diameter,  0.798". 


Load  per 

Elongation 

Elongation     in 
parts  of  origi- 

Broke at  B  end. 

Load. 

square 

in      3.45 

Diameter  of  fractured  section,  0.760  inch.    No 

inch. 

inches. 

nal  length. 

blowholes. 

Tenacity  per  square  inch  in  original  section, 
27,000  pounds. 

Tenacity  per  square  inoh  in  fractured  section, 
29,761  pounds. 

Pounds. 
8.220 

Pounds. 
16,440 

Inches. 
0.01 

.0029 

10,300 

20,600 

0.03 

.0087 

11, 075 

22,150 

a  06 

.0174 

12,000 

24,000 

0.07 

.0203 

12,680 

25,360 

0.09 

.0261 

0 

26,566" 

Set  0.08 
0.11 

13,250 

.0319 

-13,509 

27,000 
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EECORD  OF  TESTS  BT  TENSILE  STRES&-Continued. 


[First  series.'} 

Micbavical  Laboratory,  Dkpartmbat  of  Ekgihbbbibg,  Stbvkhb  Institute  of  Tbchxoloot. 

TABLE  LXL— ALLOY  OF  COPPER  AND  TIN". 

Original  mark:  No.  6  A.— Material:  Alloy.— Original  mixture:  86.57  Cu,  18.48  Sn.— Analysis :  87.160u, 
12.69  Sn.— Dimensions:  Length,  4f".    Diameter,  0.706". 


Load. 

Load  per 
square 
inch. 

Elongation 
in    4.87 
inohea. 

Elongation     In 
parts  of  origi- 
nal length. 

Broke  J  inch  from  C  end. 
Diameter  of  fractured  Motion,  0.792  inch. 
One  blowhole,  elliptical,  0.18  x  0.06  inch  diam- 
eters. 

Pounds. 

10.000 

12.000 

18.200 

18,860 

Pounds. 
20,000 
24,000 
26,400 
26,700 

Inches. 
0.01 
0.08 
0.06 
0.00 

.0020 
.0062 
.0123 
.0185 

Tenacity  per  square  inch  original  section,  26,700 
pounds. 

Tenacity  per  square  inch  deducting  blowhole, 
27.162  pounds. 

Tenacity  per  square  inch  fractured  section, 
27,098  pounds. 

TABLE  LXIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  6  B.— Material:  Alloy.— Original  mixture:  86.57  Co,  13.43  Sn.— Analysis:  87.15  Cu, 
12.77  Sn— Dimensions:  Length,  61".    Diameter,  0.798". 


Load, 


Load  per 
square 
inch. 


Elongation 
in  5  inohea. 


Elongation  in 
parts  of  origi- 
nal length. 


Load. 


Load  per 
square 
inch. 


Elongation 
in  5  inohea. 


Elongation  in 
parts  of  origi- 
nal length. 


Pound*. 
7,000 
10,800 
11,000 
11,800 
18,050 
13,500 

0 
14,000 
14,700 
15,000 

0 


Pounds. 
14,000 
21,600 
22,000 
23,600 
26,100 
27,000 


28,000 
29,400 
30,000 


Inches. 
0.01 
0.02 
0.08 
0.04 
0.06 
0.09 

Set  0.08 

an 

0.14 

0.18 

Set  0.17 


.0060 
.0040 
.0060 
.0080 
.0120 
.0180 


Pounds. 
15,580 
16,000 
16,080 


Pounds. 
31,160 
82,000 
83,160 


Inch**. 
0.21 
0.24 


.0420 


.0220 
.0280 
.0360 


Broke  1  inch  from  D  end. 

Diameter  of  fractured  section,  0.778  inch.  No 
blowholes. 

Tenacity  per  square  inch  original  section,  82,160 
pounds. 

Tenacity  per  square  inch  fractured  section,  84, 268 
pounds. 


TABLE  LXni.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  7  A.— Material:  Alloy.— Original  mixture:  80  Cu,  20  Sn.— Analysis:  80.99 Cu,  18.92 
Sn.— Dimensions:  Length,  6".    Diameter,  0.798". 


9,850 
14.000 
16,800 


19,700 
28,000 
83,600 


0.01    I  .002 

0.02    I         •     .004 
Broke  in  middle. 


Diameter  of  fractured  section,  0.798  inch. 
One  blowhole,  irregular-shaped,  about  0.10  inch 
diameter. 


Tenacity  per  square  inch  original  section,  83,600 
pounds. 
Tenacity  per  square  mob,  deducting  blowhole, 


TABLE  LXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  7  B Material:  Alloy.— Original  mixture:  80  Cu,  20  Sn.— Analysis:  80.90  Cu,  18.75 

Sn.— Dimensions:  Length,  4f'.    Diameter,  0.798". 


10,000 
15,140 
16,180 


Diameter  of  fractured  section.  0.800  inoh. 
Tenacity  per  square  inch  original  section,  82,860 
pounds. 


TABLE  LXV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  8  A.— Material:  Alloy.— Original  mixture:  76.82  Cu,  23.68  Sn.— Analysis:  76.67  Cu, 
23.24  Sn.— Dimensions:  Length,  6".    Diameter,  0.798". 


Broko  at  10,800  pounds  at  A  end. 
Elongation  just  perceptible  to  touch  of  calipers. 
Sevoral  small    blowholes.     Area  about  0.016 
square  inolu 


Tenacity  per  square  inoh  original  section,  20,600 
pounds. 

Tenacity  per  square  inoh,  deducting  blowholes 
21,281  pounds. 
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EECORD  OF  TESTS  BT  TENSILE  STRESS— Continued. 

[Firtt  series.] 

Mechanical  Laboratory,  Department  of  ByonnERRnro,  Stevrnb  ImrrruTB  of  Tbchhology. 

TABLE  LXVX— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  8  B.— Material:  Alloy.— Original  mix  tar©:  76.32  Co,  28.88  Sn.— Analysis:  76.60  Cu, 
23.23  Sn.— Dimensions:  Length,  4*".    Diameter,  0.798". 


Broke  at  11,710  pounds,  1  inch  from  D  end. 
No  elongation  that  oould  be  detected. 


Tenacity  per  square  inch  original  section,  28,430 
pounds. 


TABLE  LXVIL-ALLOY  OF  COPPEB  AND  TUT. 

Original  mark:  No. 9  A.— Material:  Alloy.— Original  mixture:  70  Cn,  80  Sn.— Analysis:  60.00  Co, 
20.86  Sn.— Dimensions:  Length  of  turned  portion,  1".    Diameter,  O.OSd". 


Had  difficulty  in  setting  the  piece  in  the  jaws 
of  the  tensile  machine,  as  the  alloy  was  harder 
than  the  steel  faces  of  the  jaws. 

At  2,600  pounds  stress  tne  piece  slipped  ont  from 
the  Jaws,  and  again  at  4,300  and  1,420  pounds. 

Beset  each  time. 

At  6,950  pounds  the  piece  broke  in  the  square 


portion,  1  inch  from  the  A  end  of  the  turned  part. 

Measurement  of  fractured  section,  1  inch  x  0.002 
inch. 

Tenacity  of  section  fractured,  per  square  inch, 
7,006  pounds. 

Tenacity  of  circular  section  (unbroken),  8,121 
pounds  pita. 


TABLE  LXVUL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 9  B.— Material:  Alloy.— Original  mixture:  70  Cu,  30  Sn.— Analysis :  60.77  Cu, 
28.02 Sn.— Dimensions:  Length,  1".    Diameter,  0.072". 


Broke  in  turned  portion,  at  3,000  pounds. 


Tenacity  per  square  inch,  4,164  pounds. 


TABLE  LXiX.^-ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  10  B.— Material:  Alloy.— Original  mixture:  68.25  Cu,  81.75  Sn.— Analysis >  68.57  Cn, 
31.30  Sn.— Dimensions :  Bectangular  section,  0.004  x  1.005".    (Too  brittle  to  be  turned  in  lathe. ) 


Slipped  from  the  jaws  of  the  tensile  machine  at 
£00.  650,  and  775  pounds. 

Broke  at  1,620  pounds,  in  the  jaws,  \  inoh  from 
end  of  piece  marked  D. 

The  piece  remaining  after  this  test  was  too  short 


to  be  tested  further  in  the  same  machine,  and  it 
was  sent  to  Messrs.  Biehle  Bros.,  Philadelphia, 
who  tested  it,  and  reported  its  strength  at  1,600 
pounds  per  square  inoh. 
Tenacity  per  square  inch,  1,620  pounds. 


TABLE  LXX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  11  A.— Material:  Alloy.— Original  mixture:  65  Cu,  85  Sn.— Analysis:  65.81  Cu, 
84.47  Sn.— Dimensions:  Length,  1".    Diameter,  0.074". 


Broke  in  middle,  at  1,770  pounds. 


Tenacity  per  square  inch,  2,376  pounds. 


TABLE  LXXI.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  11  B.— Material:  Allov.— Original  mixture:  65  Cu.  85  Sn.— Analysis:  65.86  Cu, 
84.47  Sn.— Dimensions:  Length,  1".    Diameter,  0.075". 


Slipped  from  Jaws  of  tensile  machine,  at  1,520, 
1,680,  and  1,775  pounds. 

Broke  at  2,025  pounds,  in  the  Jaws,  \  inch  from 
D  end,  and  in  the  square  portion  of  the  specimen. 


.      Tenacity  of  fractured  section  per  square  inch, 
]  2,025  pounds. 

i      Tenacity  of  turned  portion  -(unbroken),  2,712 
j  pounds  plut. 


TABLE  LXXIL-^ALLOY  OF  COPPEB  AND  TIN. 

Original  mark :  No.  12  A.— Material:  Allov.— Original  mixture:  61.71  Cu,  88.20  Sn.— Dimensions:  Beet- 
angular  section,  0.998"  x  1.004".    (Too  brittle  to  be  turned.) 


The  piece  12  A  broke  in  handling  into  two  pieces, 
marked  A  and  C. 

These  were  sent  to  Messrs.  Biehle  Bros.,  Phila- 
delphia, who  reported  their  tenacity  to  be- 


No.  12  A,  250  pounds  per  square  inoh. 
No.  12  C,  1,125  pounds  per  square  inoh. 
No.  12  B  broke  into  several  pieces  while  being 
turned  in  the  lathe. 


TESTS   OF  METALS. 
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[First  series.] 

Kbchaxical  Laboratory,  Dkpartmeht  of  Engineering,  Stevens  Institute  of  Technology. 

TABLE  LXXIIL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  13  A.— Material:  Alloy.— Original  mixture:  56. 32 Co,  43/68  So.— Analysis:  56.58 Co, 
3.11  Sn.— Dimensions:  Length,  1".    Diameter,  0.960". 


Broke  at  950  pounds  at  C  end  of  turned  portion. 


Tenacity  per  square  inch,  1,250  pounds. 


TABLE  LXXIV.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark :  No.  13  R— Material :  Alloy.— Original  mixture :  56.32  Cu,  43.68  Sn.— Analysis :  56.82  Cu, 
43.22  Sn.— Dimensions:  Length,  1".    Diameter,  0.976". 


Broke  at  240  pounds,  in  the  square  portion  of  the 
specimen,  1  inch  from  the  D  end  of  the  turned 
part. 

Sent  the  larger  piece  remaining  to  Messrs. 


Riehle  Bros.,  who  reported  its  strength  to  be  1,660 
pounds  per  square  inch,  breaking  in  the  turned 
portion  near  the  shoulder. 


TABLE  LXXV.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  14  A.— Material:  Alloy.— Original  mixture:  61.8  Cu,  48.2  Sn.— Analysis:  62.27  Co, 
87.58  Sn.— Dimensions:  length,  1".    Diameter,  0.068". 


Broke  in  the  Jaws  of  machine,  in  the  square  por- 
tion, f  inch  from  G  end,  at  1;170  pounds. 

Tenacity  of  section  fractured,  1,170  pounds  per 
square  inch. 


Tenacity  of  turned  portion  (unbroken),  1,590 
pounds  plus. 


TABLE  LXXVL— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  14  B.— Material:  Alloy.— Original  mixture:  51.8  Cu,  48.2  Sn.— Analysis:  38.41  Cu. 
61.04  Sn.— Dimensions:  Length,  1".    Diameter,  0.798". 


Broke  at  1,970  pounds  in  middle  of  turned  por-         Tenacity  per  square  inch,  3,940  pounds. 


TABLE  LXXVII.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  15  A— Material:  Alloy.— Original  mixture:  47.95  Cu.  52.025  Sn.— Analysis:  47.72  Cu, 
51.99  Sn.— Dimensions:  Section,  1.005"  square. 


The  piece  No.  15  A  broke  into  two  pieces  in 
handling. 
The  broken  pieces,  marked  A  and  C,  were  sent 


to  Messrs.  Riehle  Bros.,  who  reported  their  tenao* 

ity  to  be- 
No.  15  A,  900  pounds  per  square  inch. 
No.  15  C,  2,100  pounds. 


TABLE  LXXVni.— ALLOY  OP  COPPER  AND  TIN. 
Original  mark:  No.  15  B<— Material:  Alloy.— Analysis :  47.49  Cu,  52.29  Sn. 


Tnlfl  piece  broke  in  the  lathe  while  being  turned.  I 


Pieces  too  short  for  test. 


TABLE  LXXDL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  18  A.— Material:  Alloy.— Original  mixture:  44.63  Cu,  55.37  Sn— Analysis:  44.62  Cu, 
65.16  Sn.— Dimensions:  Length,  1"    Diameter,  0.980". 


Broke  at  2,620  pounds  in  middle  of  turned  part         Tenacity  per  square  inch,  3,460  pounds. 


TABLE  LXXX.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  16  B— Material:  Alloy Analysis:  44.42  Co,  55.41  Sn.— Dimensions:  Length,  6". 

Diamoter,  0.798". 


Broke  at  1,280,  after  the  stress  had  been  applied 
for  several  seconds;  at  D  end  of  turned  part. 


Elongation  just  perceptible  to  tot  oh  of  calipers. 
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[tfrriterto.] 

Mechanical  Laboratobt,  Department  of  Enginebbino,  Stbvbub  Institute  of  Technology. 

TABLB  LXXXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  17  A.— Material :  Alloy.— Original  mixture:  41.74  Co, 58.25  Sn.— Analysis:  45.98  Cu. 
58.80  Sn.— Dimensions:  Length,  6".    Diameter,  0.708". 


Broke  at  1.130  pounds  J  inch  from  A  end. 
No  elongation  detected. 

Tenacity  per  square  inch,  2,260  pounds. 

TABLB  LXXXIL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  17  B.— Material:  Alloy.— Original  mixture:  41.74Cu,  58.26  Sn.— Analysis:  38.83  Cn, 
60.79  Sn.— Dimensions:  Length,  6".    Diameter,  0.708". 

Broke  at  2,780  pounds  «  inch  from  B  end. 
No  elongation. 

Tenacity  per  square  inch,  5,660  pounds. 

TABLE  LXXXm.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  18  A.— Material:  Alloy.— Original  mixture:  89.20 Cn,  60.80 Sn.— Analysis  (No.  18 C): 
38.37  Cn,  61.32  Sn.— Dimensions:  Length,  6".    Diameter,  0.798". 

Broke  in  the  tensile-machine  before  strain  was 
applied,  with  the  weight  of  the  piston  and  attach- 
ments, about  100  pounds. 

Tenacity  doubtful. 

TABLB  LXXXIT.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  18  B. -Material:  Alloy— Analysis  (No.  18  C):  38.37  Cn,  61.32 

Length,  6".    Diameter,  0.798". 


Sn.— Dimensions : 


Broke  at  1,410  pounds  2«  inches  from  B  end. 
Elliptical-shaped  blowhole  in  fractured  surface. 
Area,  0.12  square  inch. 


Tenacity  per  square  inch,  2,820  pounds. 
Tenacity  per  square  inch,  deducting  blowhole, 
8,711  pounds. 


TABLE  LXXXV.-ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  19  A.— Material:  Alloy.— Original  mixture:  84.95  Cu,  65.05  Sn.— Analysis  (No.  19 C): 
84.22  Cu,  65.80  Sn.— Dimensions:  Length,  6".    Diameter,  0.798". 


Broke  1  inch  from  A  end  in  the  same  manner  as 
No.  18  A. 


Tenacity  doubtful. 


Original 


TABLE  LXXXVL— ALLOY  OF  COPPEB  AND  TIN. 

:  No.  19  B.— Material:  Alloy.— Analysis  (No.  19  C):  84.22  Cu,  65.80 
Length,  6".    Diameter,  0.799". 


Broke  1  inch  from  D  end  at  1,690  pounds. 


Tenacity  per  square  inch,  8,871  pounds. 


TABLE  LXXXYIL— ALLOY  OF  COPPEB*  AND  TIN. 

Original  mark:  No.  20  A.— Material:  Alloy.-Original  mixture:  38.72 Cu,  71.28  Sn.-Analy»to :  26.67  Cu, 
78.08  Sn.— Dimensions :  Length,  6".    Diameter,  0.798". 


Broke  at  900  pounds  2  inches  from  C  end. 


Tenacity  per  square  inch,  1,795  pounds. 


TABLE  LXXXVUX— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No,  20  B.— Material:  Alloy. -Original  mixture:  28.72  Cu,  71.28  Sn.— Analysis:  25.12 Cn, 
74.61  Sn.— Dimensions:  Length,  6".    Diameter,  0.798". 


Broke  at  750  pounds  at  D  end. 


Tenacity  per 


inch,  1,500 
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[Fir%t  writt.] 

MKBinciL  Laboratory,  Department  of  Bkginbkbixo,  Stevens  Ikstitute  of  Technology. 

TABLE  LXXXLX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  21  A— Material:  Alloy.— Original  mixture:  24.38  Cu,  75.62  Sn.— Analysis :  22.80  Co, 
76.89  Sn.— Dimensions:  Rectangular  section,  0.997"  x  1.007". 


Bar  No.  21  contained  a  blowhole  which  extended 
throughout  nearly  its  whole  length.    The  tension- 

?>ieces  were  therefore  left  of  the  original  rectangu- 
ar  section. 
21 A  broke  at  6,800  pounds  1|  inches  from  C  end. 
Elongation,  0  01  inch  in  6  inches. 
Teuacity  per  square  inch  of  total  original  sec- 
tion, 6,275  pounds. 


The  blowhole  at  the  fractured  surface  was  ellip- 
tical in  section,  measuring  0.21  x  0. 18  inch  in  diam- 
eter. 

The  distances  of  the  edges  of  the  hole  from  the 
two  nearest  edges  of  the  fractured  surface  were 
0.27  and  0.36  inch.    Area  of  blowhole,  0.0297  inch. 

Tenacity  per  square  inch  of  metal  actually  frac- 
tured, 6,493  pounds. 


TABLE  XC.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  21  B.— Material :  Alloy.— Original  mixture:  24.38  Cn,  75.62  Sn.— Analysis:  28.89  Cu, 
75.68  Sn.— Dimensions:  Rectangular  section,  1.000"  x  1.020". 


Broke  at  7,420  pounds  3  inches  from  B  end. 

No  elongation.  Size  of  blowhole,  0.80  x 0.21  inch, 
elliptical.  Area,  0.0495  inch.  Position  of  blow- 
hole, 0.25  inch  and  0.30  inch  from  nearest  edges. 


Tenacity  per  square  inch  of  metal  actually  frac- 
tured, 7,646  pounds. 

Tenacity  per  square  inch  of  total  original  sec- 
tion, 7,275  pounds. 


TABLE  XCL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  22  A.— Material:  Alloy  —Original  mixture:  21.18  Cu,  78.82  Sn.— Analysis:  20.28  Cu, 
79.63  Sn.— Dimensions :  Length,  6".    Diameter,  0.798". 


Broke  at  3,220  pounds  at  A  end. 
No  elongation  detected. 


Tenacity  per  square  inch,  6,440  pounds. 


TABLE  XCIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  22  B— Material:  Alloy.— Original  mixture:  21.18  Cu,  78.82  Sn.— Analysis:  20.21  Cu, 
79.62  Sn.— Dimensions :  Length,  6".    Diameter,  0.799". 


Broke  at  1,120  pounds  §  inch  from  D  end. 
No  elongation  detected. 


Tenacity  per  square  inch,  2,234  pounds. 


TABLE  XCUX— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  23  A.— Material:  Alloy.— Original  mixture:  15.19  Cu,  84.81  Sn.— Analysis:  15.12  Cu, 
84.58  Sn.— Dimensions :  Length,  6".    Diameter,  0.798". 


Broke  at  275  pounds  |  inch  from  C  end. 
No  elongation. 


Tenacity  per  square  inch,  550  pounds. 


TABLE  XC1V.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  23  B.— Material :  Alloy.— Original  mixture:  15.19  Cu,  84.81  Sn.— Analysis:  15.04  Cn, 
84.65  Sn.— Dimensions :  Length,  6".    Diameter,  0.798". 


Load 


Pound*. 
2,700 
3,260 


Load  per 
square 
inch. 


Pounds. 
5,400 
6,520 


Elongation 
in  5  inches. 


Inoh€9. 
0.01 
0.02 


Elongation  in 
parts  of  origi- 
nal length. 


.002 
.004 


Broke  at  D  end. 

Diameter  of  fractured  section,  0.798  inch. 
Tenacity  per  square  inch  original  section,  6,590 
pounds. 
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RECORD  OF  TESTS  BT  TENSILE  STRESS— Continued 

[First  series.] 

Mkchaxical  Laboratobt,  Department  op  Engisberhig,  Stbveks  Ihbtitdte  of  TKchhology. 

TABLE  XCV— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  No.  24  A.— Material:  Alloy.— Original  mixture:  11.84  Cu,  88.16  Sn.— Analysis:  1L49  Cu, 
88.44  Sn.— Dimensions :  Length,  6".    Diameter,  0.798". 


Load. 


Pounds. 
1,950 
2,700 
8,260 
8,800 
0 
8,300 

In2m 


Load  per 
square 
inch. 


Pounds. 
3,300 
6.520 
6,520 
6,6u0 


6,600 
6,600 


Elongation 
in  5  inches. 


Inches. 
0.01 
0.04 
0.06 
0.10 

Set  0. 10 
a  13 
0.37 


Elongation  in 
parts  of  origi- 
nal length. 


.0020 
.0080 
.0120 
.0200 


.0260 
.0740 


Broke  2  inches  from  A  end. 

Fractured  section  elliptical ;  diameters,  0.768  and 
0.776  inch. 

Tenacity  per  square  inch  original  section,  6,600 
pounds. 

Tenacity  per  square  inch  fractured  section,  7,050 
pounds. 


TABLE  XCVL— ALLOT  OF  COPPEE  AND  TIN. 

Original  mark:  No.  24  B.<-Material:  Alloy.— Original  mixture:  11.84  Cu,  88.16  Sou— Analysis:  1L48  Cu, 
88.50  Sn.— Dimensions:  Length,  6".    Diameter,  0.798". 


Load. 


Pounds. 
1.820 
2,680 
8,086 


Load  per 
sqnare 
inch. 


Pounds. 
8,640 
5,360 
6,160 


Elongation 
in  5.02 
inches. 


Inches. 
0.01 
0.02 
0.04 


Elongation  in 
parts  of  origi- 
nal length. 


.002 
.004 
.008 


Broke  |  inch  from  B  end. 

Diameter  of  fractured  section,  0.795  Inch. 

Tenacity  per  square  inch  original  section,  0,100 
pounds. 

Tenacity  per  square  inch  fractured  section,  6,204 
pounds. 


TABLE  XCVTL— ALLOT  OF  COPPEE  AND  TIN. 

Original  mark:  No.  25  A.— Material:  Alloy— Original  mixture:  9.7  Cu,  90.3  Sn.— Analysis:  8.82  Cu, 
91.12  Sn.— Dimensions:  Length,  6".    Diameter,  0.798". 


Load  per 

Elongation 

Elongation     in 
parts  of  origi- 

1 

Broke  2J  inches  from  C  end. 

Load. 

square 

in    6.02 

Diameter  of  fractured  section,  0.730  inch. 

inch. 

inches. 

nal  length. 

Tenacity  per  square  inch  original  section,  6,000 
pounds. 

Tenacity  per  square  inch  fractured  section,  7,167 

Pounds. 

Pounds. 

Inehss. 

pounds. 

1,520 

8,040 

0.01 

.0017 

2,200 

4,400 

0.02 

.0033 

2,620 

5,040 

0.04 

.0067 

2,830 

5,660 

a  07 

.0117 

3,000 

6,000 

0.11 

.0184 

In  2  m. 

6,000 

0.43 

.0714 

TABLE  XCVUL— ALLOT  OF  COPPEE  AND  TIN. 

Original  mark:  No.  25  B.— Material:  Alloy.— Analysis:  8.32  Cu,  91.66  Sn.— Dimensions:  Length,  6 

Diameter,  0.798". 


Load. 

Load  per 
square 
inch. 

Elongation 
in  5  inches. 

Elongation     in 
parts  of  origi- 
nal length. 

Broke  1  inch  from  D  end. 
Diameter  of  fractured  section,  0.740  inch. 
Tenacity  per  square  inch  original  section,  6,900 
pounds. 

Pounds. 
2,000 
2,700 
2,910 
8,450 

Inlm. 

Pounds. 
4,000 
5,400 
6,820 
6,900 
0,900 

Inches. 
a  01 
0.03 
0.05 
0.12 
a  88 

.0020 
.0060 
.0100 
.0240 
.0600 

Tenacity  per  square  inch  fractured  section,  8,021 
pounds. 
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EECORD  OP  TESTS  BY  TENSILE  STRESS— Continued. 

I  First  series.'] 

Mechanical  Laboratory,  Department  op  Engineering,  Stevens  Institute  of  Technology. 

TABLE  XCIX.— ALLOY  OP  COPPER  AND  TIN. 


Original  marie:  No.  26  A.— Material:  Alloy.— Original  mixture :  4.20  Cn,  05.71  Sn.— Analysis :  3.70  Cn, 
06.30  Sn.— Dimensions:  Length,  V.    Diameter,  0.798". 

Load. 

Load  per 
square 
inch. 

Elongation 
in  6  inches. 

Elongation    in 
parts  of  orig- 
inal length. 

Broke  in  middle. 

Diameter  of  fractured  section,  0.680  inch. 
Blow-hole  0.25  inch  diameter  in  fractured  surface. 
Tenacity  per  square  inch  original  section,  4,300 

Pounds. 
L300 
1,530 
1,850 
2,000 
2,150 

In  2  m. 

Pounds. 
2,600 
3,060 
3,700 
4,000 
4,300 
4,300 

Inehss. 
0.01 

a  04 

0.10 
0.16 
0.10 
0.50 

.0017 
.0067 
.0167 
.0267 
.0333 
.0983 

pounds. 

Tenacity  per  square  inch,  deducting  blowholes, 
4,767  pounds. 

Tenacity  per  square  inch  fractured  section,  5,020 
pounds. 

TABLE  C— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  26  B.— Material:  Alloy.— Analysis:  3.74  Cu,  06.32  Sn.— Dimensions:  Length,  6". 

Diameter,  0.798". 


Load  per 

Elongation 
in  5  inches. 

Elongation    in 

Broke  in  middle. 

Load. 

square 
inch. 

parts  of  orig-  , 
nud  length.     | 

Diameter  of  fractured  section,  0.660  inch. 
Breaking  load,  2,630  pounds. 

Tenacity  per  square  inch  original  section,  5,260 

Pounds. 

Pounds. 

Inch**. 

pounds. 
Tenacity  per  square  inch  fractured  section,  7,687 

1,550 

8,100 

0.01 

.002 

pounds  (assuming  that  Che  final  section  sustained 
the  maximum  load  of  2,630  pounds). 

2,000 

4,000 

0.03 

.006 

2,630 

5,260 

0.00 

.018 

Inlm. 

5,260 

0.62 

.124 

Reduce* 

to- 

L800 

3,600 

0.64 

.728 

In  2  m. 

3,600 

0.65 

030 

In  4  m. 

8,600 

0.74 

.148 

TABLE  CI.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  27  A— Material:  Alloy.— Original  mixture:  1.11  Cu,  08.80  Sn.— Analysis:  0.75  Cu, 
08.88  Sn.— Dimensions:  Length  6".    Diameter,  0.798". 


Load  per 

Elongation 

Elongation    in 
parts  of  orig- 
inal length. 

Broke  In  middle. 

Load. 

square 

in     5.01 

Diameter  of  fractured  section,  0.550  inch. 

inch. 

inches. 

Surface  very  much  corrugated  by  strain. 

Tenacity  per  square  inch  original  section,  3,600 

Pounds. 
1,600 

Pounds. 
3,200 

Inehss. 
0.00 

.018 

pounds. 

Tenacity  per  square  inch  fractured  section  (as- 
suming that  the  final  section  susttuned  the  load  of 

Inlm. 

3,200 

a  18 

.036 

1,800  pounds),  7,576  pounds. 

1,800 

3,600 

0.24 

.048 

In  2  m. 

3,600 

0.40 

.080 

In  5  m. 

3,600 

0.65 

.013 

In  7  m. 

8,600 

1.26 

.252 

In  8  m. 

3,600 

L58 

.816 

TABLE  Cn— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  27 B.— Material:  Alloy.— Original  mixture:  1.11  Cu,  08.80  Sn.— Analysis,  0.72  Cu, 
00.06  Sn.— Dimensions:  Length,  6".    Diameter,  0.708". 


Load. 


Pounds. 

1,550 
In  2  m. 

L850 
In  3  m. 
0 

L850 


Load  per 
square 
inch. 


Pounds. 
3,100 
3,100 
8,700 
8,700 


3,700 


T  M 


Elongation 
in  5.08 
inches. 


Inehss. 
a  13 
0.17 
0.28 
0.72 
Set  0.72 
0.81 


Elongation  in 
parts  of  orig- 
inal length. 


.0483 
.1241 


.1307 


Broke  2  inches  from  B  end. 

Diameter  of  fractured  section,  0.540  inch. 

Tenacity  per  square  inch  original  section,  3,700 
pounds. 

Tenacity  per  square  inoh  fractured  section,  8,157 
pounds,  (f) 
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[First  series.'} 

Mechanical  Laboratory,  Dbpaetmejct  of  Engineering,  Stevens  Institute  of  Technology. 

TABLE  CHJ.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  28  A— Material :  Alloy.— Original  mixture:  0.557  Cu,  99.443  Sn.-r Analysis:  0.32 
Co,  99.46  So.— Dimensions:  Length,  G".    Diameter,  0.798". 


Load. 


Pounds. 
1,400 
1.700 
1,880 

2,850 

Reducer 
2,200 


Load  per 
square 
inoh. 


Pounds. 
2,800 
8,400 
8,760 

4,700 

to— 
4,400 


Elongation 
in  5  inches. 


Inch**. 
0.02 
0.05 
0.25 


Elongation  in 
parts  of  orig- 
inal length. 


.004 
.0083 

.05 


<  Extending  rapidly, 
I    nrement  not  taken. 


L80 


.86 


Broke  in  middle ;  greatest  stress,  2,850  pounds. 

Diameter  of  fractured  section,  0.495  inch. 

Surface  very  much  distorted. 

Tenacity  per  square  lnoh  original  section,  4,700 
pounds. 

Tenacity  per  square  inch  fractured  section  (as- 
suming that  the  final  section  sustained  the  maxi- 
mum load  of  2,850  pounds;  plainly  an  error  in  this 
case),  14,453  pounds. 


TABLE  C1T.— ALLOY  OF-COPPER  AND  TIN. 

Original  mark:  No.  28  B.— Material:  Alloy.— Original  mixture:  0.557  Cu,  99.443  Sn.— Analysis:   0.32 
Cu,  99.4  Sn.— Dimensions:  Length,  6".    Diameter,  0.798". 


Load  per 

Elongation 

Elongation    in 

Broke  in  middle. 

Load. 

square 

in     6.02 

parts  of  orig- 
inal length. 

Diameter  of  fractured  section,  0.475  inoh. 

inoh. 

inohes. 

Tenacity  per  square  inch  original  section,  4,250 
pounds. 

Tenacity  per  square  inoh  fractured  section  (as- 
suming that  the  final  section  sustained  the  load  of 

Pounds. 

Pounds. 

Inches. 

1,250 

2,500 

0.0L 

.0017 

2,125  pounds),  11,992  pounds. 

In  3  m. 

2,500 

0.03 

.0050 

1,500 

8,000 

0.08 

.0133 

In  8  m. 

8,000 

0.30 

.0498 

In  8  m. 

3,000 

0.50 

.0831 

Increased  strain  rap 

Idly  to— 

2,125    1       4,250 
Rednoeato— 

L93 

.3206 

1,400    1       2,800 

2.10 

.3488 

TABLE  CV.— CAST  TIN. 
.Original  mark:  No.  29  A.— Material:  Banca  tin.— Dimensions:  Length,  6".    Diameter,  0.798". 


Load  per 

Elongation 
in  6  inches. 

Elongation    in 

Broke  |  inch  from  A  end. 

Diameter  of  fractured  section,  0.490  inoh  (approx- 
imately). The  section  was  very  much  distorted, 
and  an  exact  measurement  could  not  be  obtained. 

Lead. 

square 
inch. 

parts  of  orig- 
inal length. 

Tenacity  per  square  inch  of  original  section,  con- 

Founds. 

Pounds. 

Inches. 

sidering  1,400  pounds  as  the  breaking  load,  2,800 

1,700 

8,400 

0.15 

.025 

pounds  (with  gradual  test). 

0 

Set  a  15 

.025 

Refluce< 

to— 

1.230 

2,500 

0.19 

.0318 

In  2  m. 

2,61/0 

0.27 

.045 

4^400 

2,800 

0.32 

.0633 

in  10  m. 

2,800 

1.70 

.2838 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

[First  neriee.] 

Mechaxical  Laboratory,  Dbpabimkht  of  Emghiiebihg,  Stbtots  Inbtitutb  of  Technology. 

TABLE  CVL— CAST  TIN. 

Original  mark:  No.  29  B.— Material:  Banca  tin.— Dimensions:  Length,  6".    Diameter,  0.708". 


Load  per 

Elongation 

Elongation    i  n 

Broke  2  inches  from  D  end. 

Load. 

square 

In    6.02 

parts  of  origi- 

Fractured section  very  irregular,  and  drawn  ont 

inch. 

inches. 

nal  length. 

almost  to  a  point.  Estimated  diameter  of  final 
section  0.800  inch. 

Pound*. 

Pounds. 

Inches. 

Tenacity  per  square  inch  of  original  section  (with 
rapid  test)  4,200  pounds. 

975 

1,950 

0.01 

.0017 

1,180 

2,860 

0.03 

.0050 

1,290 

2,580 

0.09 

.0150 

1,000 

8,200 

a  30 

.0332 

2,000 

4,000 

0.58 

.0903 

2,100 

4,200 

1.88 

.8128 

Piece  extending  rapidly  and  et 
1,700  1          8,400  1            2.68 

rain  reduced  to— 
.4269 

TABLE  CVIL-CAST  COPPER. 


Original  mark:  No.  80  A.— Material: 


Lake  Superior  copper,  oast  in  iron  mold.— Dimensions: 
6".    Diameter,  0.798". 


Length, 


Load  per 
square 
inch. 


Elongation 
inSinohes. 


Elongation  in 
pans  of  origi- 
nal length. 


Load. 


Load  per 
square 
inch. 


Elongation 
in  5  inches. 


Elongation  in 
parts  of  origi- 
nal length. 


Pound*. 

400 
1,000 
2,000 
4,000 
6,000 
6,400 
6,800 
7,200 
8,000 
8,800 
9,600 
9,800 

250 
10,200 


Pounds. 

800 

2,000 

4,000 

8,000 

12,000 

12,800 

13,600 

14,400 

16,000 

17,600 

19,200 

19,600 

500 

20,400 


Inches. 
0.0004 
0.0011 
0.0022 
0.0027 
0.0032 
a  0052 
0.0083 
0.0132 
0.0358 
0.0642 
0.0942 
0.1073 
Set  0.0951 
a  1218 


.00008 
.00022 
.00044 
.00054 
.00064 
.00304 
.00166 
.00264 
.00716 
.01284 
.01884 
.02146 


.02436 


Pounds. 
11,000 
12,200 
14,000 
270 
14,400 
14,600 


Pounds. 
22,000 
24,400 
28,000 
540 
28,800 
29,200 


Inches. 

0.1605  .03210 

0.2191  .04382 

0.3258  .06516 

Set  0.3155 

0.3448  .06896 

0.3760  .07520 

Broke  ju^t  as  reading  was  taken  £  inch  from  A 
end.  Fractured  section  distorted-  from  circular 
form.  Three  diameters  measured  0.737  inch,  0.725 
inch,  and  0.732  inch. 

Tenacity  per  square  inch  original  section,  29,200 
pounds. 

Tenacity  per  square  inch  fractured  section,  34,790 
pounds. 


TABLE  CVni—CAST  COPPER. 
Original  mark:  No.  30  B.— Material:  Cast  copper.— Dimensions:  Length,  5".    Diameter,  0.798". 


Load. 

Load  per. 
square 
inch. 

Elongation 
inSinohes. 

Compression  in 
parts  of  origi- 
nal length. 

Load. 

Load  per 
square 
inch. 

Elongation 
in  5  inches. 

Compression  in 
parts  of  origi- 
nal length. 

Pounds. 

Pounds. 

InsKts. 

Pounds. 

Pounds. 

Inches. 

6,400 

12,800 

0.0035 

.00070 

12,600 

25,200 

0.2437 

.04874 

7,000 

14,000 

0.0081 

.00162 

13,000 

26,000 

0.2707 

.05414 

7,200 

14,400 
15,600 

0. 0111 

.00222 

13,200 

26.400 

7,600 

0.0259 

.00518 

8,400 

16,800 

0.0489 

.00878 

Broke  in  middle  just  as  beam  rose. 

9,000 

18,000 

0.0652 

.01304 

Fractured  section  elliptical    Diameters,  0.752 

9,400 

18,800 

0.0807 

.01614 

and  0.740  inch. 

9,800 

19,600 

0.0952 

.01004 

Tenacity  per  square  inch  original  section,  26,400 

10,200 

20,400 

0. 1147 

.02294 

pounds. 

10,600 

21,200 

0. 1317 

.02634 

Tenacity  per  square  inch  fractured  section, 
30, 201  pounds. 
Note,— The  piece  bent  slightly  under  strains 

11, 000 

22,000 

0.1517 

.03034 

11,400 

22,800 

0.1707 

.03414 

11,800 

23,600 

0.1967 

.03934 

less  than  6,400  pounds,  and  thus  caused  errors  in 
the  readings  ox  elongations  below  that  point. 

12,200 

24,400 

0.2182 

.04364 
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RECORD  OP  TESTS  BY  COMPRESSIVE  STRESS. 

Mechahical  Laboratory,  Drpabtmert  of  Exgixkbrihg,  Stevbnb  Ikbtitotb  op  Tschhology. 

TABLE  CIX.-CA8T  COPPER. 

Original  mark :  No.  1.— Material :  Lake  Superior  copper.— Dimensions :  Length,  2".    Diameter,  0. 625* . 


Load. 

Compres- 
sion. 

Load  per 
square 

Compression  in 
parts  of  origi- 

Load. 

Compres- 
sion. 

Load  per 
square 

Compression  in 
parts  of  origi- 

inch. 

nal  length. 

inch. 

nal  length. 

Poundt. 

Inchei. 

Poundt. 

Pound*. 

Inehet. 

Pounds. 

1,000 

0.0029 

3,259 

.00145 

15,000 

0.368 

48,892 

.1840 

1,500 

0.0087 

4,889 

. 00435 

16,250 

0.426 

62,967 

.2130 

2,000 

0.015 

6,519 

.00.5 

17,000 

0.477 

55,411 

.2385 

3,000 

0.0*22 

9,778 

.0110 

18,000 

0.528 

68,671 

.2840 

4,000 

0.030 

13,038 

.0150 

18,925 

0.584 

61,688 

.2920 

5,000 

•    0.043 

16,297 

.0SQ5 

19,600 

0.633 

63,886 

.3165 

6,000 

0.065 

19,557 

.0325 

20,500 

0.707 

66,820 

.3535 

7,000 

a  079 

22,816 

.0395 

22,000 

0.838 

71,709 

.4190 

8,000 

0.097 

26,076 

.0485 

23,000 

0.896 

74,988 

.4480 

9,000 

0.128 

29,335 

.0640 

10,000 

0.153' 

32,595 

.0765 

Piece  removed  bent. 

11,000 

0.182 

35,854 

.0910 

Piece   slightly  bent  at  9,000 

pounds.     After 

12,000 

0.209 

39,114 

.1045 

17, 000  pounds  the  beam  dropped  immediately  after 

13,000 

0.251 

42.373 

.1255 

the  strain  was  applied. 

14,000 

0.304 

45,633 

.1620 

TABLE  CX.— CAST  COPPER. 
Original  mark:  No.  1 D.— Material:  Cast  copper.— Dimensions :  Length,  V.    Diameter,  0.625*. 


150 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 


.0000 
.0025 
.0233 
.0538 
.0908 
.1271 
.2073 


13,038 
19,557 
26,075 
32,595 
89,114 
45,633 
62,152 


.00125 

.0116 

.0269 

.0454 

.0635 

.1036 

.1462 


18,000 
20,000 
22,000 
24,000 
25,000 


Lifted  the 


TABLE  CXL— ALLOT  OP  COPPER  AND  TIN. 

Original  mark :  No.  2  D.— Material :  Alloy.— Original  mixture :  98.1  Cu,  1.9  Sn.— Analysis  97.83  Cu,  1.92 
Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


500 

0.005 

1,630 

.0025 

13,000 

0.327 

42,373 

.1635 

1,000 

0.009 

3,259 

.0045 

14,000 

0.386 

45,633 

.1930 

2.0C0 

0.015 

6,519 

.0075 

14,500 

0.480 

46.263 

.2400 

3,000 

0.021 

9,778 

.0105 

Reduced  to— 

4,000 

0.026 

13,038 

.0130 

14,000 

0.538 

45,638 

.2690 

5,000 

0.028 

16,297 

.0140 

13,000 

0.690 

42,373 

.2950 

6,000 

0.032 

19,557 

.0160 

10,000 

0.6*9 

82,595 

.3195 

7,000 

0.038 

22,816 

.0190 

7,000 

0.685 

22,816 

.3425 

8,000 

0.047 

26,076 

.0235 

2,000 

0.736 

6,519 

.3680 

9,000 

0.074 

29,336 

.0370 

Repeat 

ed. 

Piece  removed  bent  so  that  it 

rested  on  two  cor- 

9,000 

0.106 

29,336 

.0530 

ners  only. 

10,000 

0.170 

32,595 

.0850 

The  bending  of  the  pieoe  was 

flrst  observed  at 

11,000 

0.225 

35,854 

.1125 

9,000  pounds. 

12,000 

0.267 

39,114 

.1335 

TESTS   OF   METALS. 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

Mbghaxical  Laboratory,  Defabxhext  of  Enqixkerixg,  Stbvexs  Ikstxtutb  of  Technology. 

TABLE  CXIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  3  D.— Material:  Alloy.— Original  mixture:  96.27  Co,  8.73  Sn.— Analysis :  95.96  Cm 
3.80  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


Load. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  orig- 
inal length. 

Load. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  orig- 
inal length. 

Pounds. 

Inch**. 

Pounds. 

Pound*. 

Inches, 

Pounds. 

500 

0.003 

1,630 

.0015 

Reduced  to- 

2,000 

0.010 

6,519 

.0050 

ll,  900 

0.192 

38,788 

.0960 

3,000 

0.014 

9,778 

.0070 

12,300 

0.255 

40.092 

.1275 

4,000 

0.0  JO 

13,038 

.0100 

13,000 

0.269 

42,373 

.1345 

5,000 

0.022 

16,297 

.0110 

14,000 

0.289 

45,633 

.1445 

6,000 

0.025 

19,557 

.0125 

15,000 

0.313 

48,892 

.1560 

7,000 

0.027 

22,816 

.0135 

15,600 

0.346 

50,848 

.1730 

8,000 

0.030 

26,076 

.0150 

16,000 

0.372 

52,152 

.1860 

9,000 

0.033 

29,335 

.0165 

Reduced  to— 

10,000 

0.041 

82,595 

.0205 

14,800  1        0.890 

48,241 

.1950 

11,000 

0.053 

85,854 

.0265 

10, 000          0. 539 

32,595 

.2696 

11,500 

0.069 

87,484 

.0345 

2,000  1        0.605 

6,519 

.3025 

12,000 
12,500 
12,900 

0.098 
0.135 
0.160 

89,114 
40,744 
42,048 

.0465 
.0675 
.0800 

Piece  removed  bent  in  a  double  curve. 
Bending  first  observed  at  12,500  pounds. 

TABLE  CXHL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  4  B.— Material:  Alloy.— Original  mixture:  92.8  Cu,  7.2  Sn.— Dimensions:  Length,  2". 

Diameter.  0.625". 


500 

0.005 

1,680 

.0025 

16,000 

0.287 

52,152 

.1435 

1,000 

0.010 

3,259 

.0050 

17,500 

0.332 

57,041 

.1660 

2,000 

0.015 

6,519 

.0075 

19,000 

0.370 

61,930 

.1850 

8,000 

0.020 

9,778 

.0100 

21,000 

0.429 

68,449 

.2145 

4,000 

0.024 

13,038 

.0120 

23,000 

0.489 

74,968 

.2445 

5,000 

0.028 

16,297 

.0140 

25,000 

0.537 

81,487 

.2685 

6,000 

0.031 

19,557 

.0155 

25,800 

a  581 

84,095 

.2905 

7,000 

0.037 

22,816 

.0175 

Strain  docreased  in  1  min.  to— 

8,000 

0.044 

26,076 

.0220 

25,000 

0.702 

81,487 

.8510 

9,000 

0.062 

29,335 

.0310 

20,000 

0.820 

65,190 

.4100 

9,500 

0.080 

30,965 

.0400 

14,000 

0.870 

45,633 

.4350 

10,000 

0.120 

32,595 

.0600 

2,500 

0.907 

24,446 

.4535 

11,000 
12,000 
14,000 

0.140 
0.159 
0.225 

35,854 
89,114 
45,633 

.0700 
.0795 
.1125 

Piece  removed  bent. 
Bending  first  observed  at  9,00( 

)  pounds. 

TABLE  CXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  5  D.— Material :  Alloy.— Original  mixture:  90  Cu,  10  Sn.— Analysis :  90.43  Cu,  9.50 
Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


500 

0.007 

1,630 

.0035 

15,600 

0.302 

50,848 

.1510 

1,000 

0.010 

8,259 

.0050 

17,000 

0.335 

55,411 

.1675 

2,000 

0.016 

6,519 

.0080 

18,000 

0.366 

68,671 

.1830 
.2210 

3,000 

0.022 

9,778 

.0110 

19,000 

0.442 

61,930 

4,000 

0.026 

13,038 

.0130 

Reduced  to— 

5,000 

0.030 

16,297 

.0150 

18,800 

0.469 

61,279 

.2345 

6,000 

0.034 

19,557 

.0170 

18,000 

0.546 

68,671 

.2730 

7,000 

0.044 

22,816 

.0220 

16,300 

0.579 

53,130 

.2895 

8,000 

0.059 

26,076 

.0295 

14,600 

0.604 

47,263 

.3020 

9,000 

0.080 

29,335 

.0400 

10,600 

0.635 

34,551 

.3175 

10,000 

0.110 

82,595 

.0550 

4,000 

0.671 

18,038 

.3355 

11,000 
12,250 
13,500 
14,500 

a  154 
0.231 
0.244 
0.266 

85,854 
39,929 
44,003 
47,263 

.0770 
.1155 
.1220 
.1330 

Piece  bent  and  slipped  out  i 
pressure-plates. 
j     Bending  first  observed  at  10,(M 

roxn  between  the 
M>  pounds. 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

Hbchaxical  Laboratokt,  Dxpabtmist  of  Esqixmrino,  Stbybxs  Ihstitdtk  op  Technology. 

TABLB  CXV.— ALLOY  OP  COPPBB  AND  TIN. 

Original  mark :  No.  6  B.— Material :  Alloy.— Original  mixture :  88.57  Cu,  13.43  Sn.— Analysis,  87.15  Co, 
12.77  Sn.— Dimension*:  Length,  2".    Diameter,  0.025". 


Load. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  orig- 
inal length. 

Load. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  orig- 
inal length. 

Pound*. 

Inchss. 

Pounds. 

Pounds. 

Inch**. 

Pounds. 

1,000 

0.005 

3,259 

.0025 

22,000 

0.337 

71,709 

.1685 

2,000 

a  on 

6, 519 

.0055 

24,000 

a  390 

78,228 

.1950 

4,000 

0.018 

13,038 

.0090 

26,000 

0.449 

84,747 

.2245 

6,000 

0.023 

19,557 

.0115 

27,500 

0.496 

89,636 

.2480 

8,000 

0.028 

26,076 

.0140 

Decreased  to— 

10,000 

0.045 

32,595 

.0225 

27,250 

0.531 

88,821 

.2855 

11,000 

0.0*1 

35,854 

.0330 

26,100 

0.599 

85,073 

.2995 

12,000 

0.101 

39,114 

.0505 

24.000 

0.665 

78,228 

.3325 

14,600 

0.146 

45,633 

.0730 

20,000 

0.716 

65,190 

.3580 

16,000 

0.197 

52,159 

.0985 

17,000 

0.741 

55,411 
32  595 

.3705 

17,000 

0. 218 

55,411 

.1090 

10,000 

a  772 

.8860 

18,000 
20,500 

0.244 
a  298 

58,671 
66,820 

.1220 
.1490 

Piece  slipped  oat  from  between  press  are-plates. 
Bending  first  observed  at  11,000  pounds. 

TABLB  CXVL— ALLOY  OF  COPPBB  AND  TIN. 

Original  mark:  No.  7  A — Material:  Alloy.— Original  mixture:  80  Cu,  20  Sn.— Analysis :  80.99  Co,  18.92 
Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


500 

0.006 

1,630 

.0030 

24,000 

0.202 

76,228 

.1010 

1,000 

0.012 

8,259 

.0060 

26,000 

0.215 

84,747 

.1076 

2,000 

0.015 

6,519 

.0075 

28,000 

0.241 

91,266 

.1205 

8,000 

0.020 

9,778 

.0100 

30,000 

0.285 

97,785 

.1425 

4,000 

0.023 

13,038 

.0115 

31,000 

0.298 

101,044 

.1490 

6,000 

0.031 

10,557 

.0155 

31,750 

0.328 

103,489 

.1640 

8,000 

0.038 

26,076 

.0190 

Decreased  to— 

10,000 

0.044 

82,595 

.0220 

SO,  600  1       0. 354 

99,741 

.1770 

12,000 

0.052 

39,114 

.0260 

29,000          0.890 

94,525 

.1950 

14,000 

a  059 

45,633 

.0295 

28,000  1       0.406 

91,266 

.2030 

16,000 
18,000 
20,000 
22,000 

0.069 
a  083 

a  106 

0.187 

52.152 
58,671 
65,190 
71,709 

.0345 
.0410 
.0530 
.0935 

Piece  new  out  from  between  pressure-plates, 
a  small  piece  breaking  from  one  corner. 
Bending  first  observed  at  20,500  pounds. 

TABLB  CXVTL— ALLOY  OP  COPPBB  AND  TIN. 

Original  mark:  No.  8  B.— Material:  Alloy.— Original  mixture:  76.32  Cu,  23.68  Sn.— Analysis:  76.60 
Cu,  28.23  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


1,000 

0.003 

3,259 

.0015 

28,000 

0.078 

91,266 

.0390 

2,000 

0.011 

6,519 

.0055 

80,000 

0.090 

97,785 

.0450 

3,000 

0.015 

9,778 

.0075 

31,000 

0.100 

101,044 

.0500 

4,000 

a  020 

13,088 

.0100 

32,000 

0.110 

104,303 

.0550 

6,000 

0.027 

19,557 

.0135 

33,000 

0.132 

107,562 

.0660 

8,000 

0.033 

26,076 

.0165 

Reduced  to— 

10,000 

0.036 

82,595 

.0180 

31,200 

a  158 

101,696 

.0790 

12,000 

0.039 

39,114 

.0195 

32,000 

0.171 

104,303 

.0855 

14,000 

0.042 

45,633 

.0210 

33,000 

0.173 

107,562 

.0865 

16,000 

0.046 

52,152 

.0230 

34,000 

0.175 

110,822 

.0875 

18,000 

0.050 

58,671 

.0250 

35,000 

0.181 

114,081 

.0105 

20,000 
22,000 
24,000 
26,000 

0.058 
0.059 
0.065 
0.078 

65,190 
71,709 
78,228 
84,747 

.0290 
.0295 
.0325 
.0365 

Piece  broke  suddenly  .diagonal 
die.    One  piece  flew  out  from 
distance  of  12  feet. 

ily  across  the  mid- 
line "**tthfaiA  tO  a 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

Mechanical  Labouatoby,  Dbpabtmbht  of  EHorassBnra,  Stbybhb  Ihstitute  op  Technology. 

TABLE  CXVUX— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  9.— Material:  Alloy.— Original  mixture:  70  Cu,  80   8n.— Analysis:  09.00  Cn, 
20.85  Sn.— Dimensions:  Length,  2".    Diameter,  0.626". 


Load. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  orig- 
inal length. 

Load. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  orig- 
inal length. 

Pound*. 

Inch**. 

Pound*. 

Pounds, 

Inch**. 

Pound*. 

1,000 

0.001 

3,259 

.0005 

80,000 

0.055 

97,785 

.0275 

2,000 

0.008 

6,519 

.0040 

82,000 

0.056 

104,303 

.0280 

4,000 

0.017 

13,038 

.0085 

34,000 

a  058 

110, 822 

.0290 

8,000 

0.031 

26,076 

.0155 

36,000 

a  059 

117,341 

.0295 

10,000 

0.038 

82,595 

.0190 

38,000 

0.060 

123,860 

.0300 

12,000 

0.030 

39, 114 

.0196 

40,000 

0.063 

130, 379 

.0315 

14,000 

0.043 

45,633 

.0215 

45,000 

0.065 

136,898 

.0325 

16,000 

0.045 

52,152 

.0225 

44,000 

0.068 

143, 417 

.0340 

18,000 

0.046 

58,671 

.0230 

45,000 

a  070 

146,676 

.0350 

20,000 
22,000 
24,000 
26,000 
28,000 

0.040 
0.050 
0.052 
0.053 
0.054 

65,190 
71,709 
78,228 
84,747 
91,266 

.0245 
.0250 
.0260 
.0265 
.0270 

About  30  seconds  after  the  strain  was  applied 

the  piece  broke  suddenly  with  a  loud  report,  and 
flew  into  small  pieces.     The  largest  piece  that 
could  be  found  was  about  the  aize  ot  a  pea. 

TABLE  CXIX.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  11.— Material:  Alloy.— Original  mixture:  65  Cu,  35  Sn.— Analysis :  65.31  Cu, 
34.47  8n.— Dimensions:  Length,  2".    Diameter,  0.625". 


2,000 

0.006 

6,519 

.0030 

18,000 

0.048 

58,671 

.0215 

3,000 

0.011 

9,778 

.0055 

20,000 

0.046 

65,190 

.6230 

4,000 

0.020 

13,038 

.0100 

22,000 

0.048 

71,709 

.0240 

6,000 

0.023 

19,557 

.0115 

24,000 

0.051 

78,228 

.0255 

8,000 

0.025 

26,076 

.0125 

25,000 

0.052 

81,487 

.0260 

10,000 

0.030 

32,595 

.0150 

26,000 

0.057 

84,747 

.0286 

12,000 
14,000 

0.034 
0.038 

89, 114 
45,633 

.0170 
.0100 

Piece  broke  suddenly,  several  pieces  flying  oft 
upper  end. 

16,000 

a  041 

52,152 

.0205 

Original 


TABLE  CXX.— ALLOY  OP  COPPER  AND  TIN. 

No.  12.— Material:  Alloy  .—Original  mixture:  61.71   Cu,  88.29  Sn Analysis:  6.- 

Dimensions:  Length,  2".    Diameter,  0.625". 


2,000 
3,000 
4,000 
5,000 

0.004 
0.010 
0.014 
0.018 

6,519 

9,778 

18,038 

16,297 

.0020 
.0050 
.0070 
.0090 

9,000 
10,000 
11,000 
12,000 

a  031 
0.032 
0.033 
0.035 

29,335 
82,595 
85,854 
89, 114 

.0156 
.0100 
.0166 
.0175 

6,000 
7,000 
8,000 

0.021 
0.024 
0.027 

19,557 
22,816 
26,076 

.0105 
.0120 
.0135 

Broke  suddenly,  splitting  open  the  upper  end, 
with  a  wedge-shaped  piece  left  in  the  middle. 

TABLE  CXXL— ALLOY  OP  COPPER  AND  TIN. 

Original  mark :  No.  15.— Material:  Alloy.— Original  mixture:  47.95  Cu,  52.05  Sn.— Analysis:  47.72  Cu, 
51.99  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


1,500 

0.002 

4,889 

.0010 

12,000 

0030 

89,114 

.0150 

2,500 

0.006 

8,149 

.0030 

14,000 

0.031 

45,633 

.0155 

3,500 

0.011 

11,408 

.0055 

16,000 

0.034 

52,152 

.0170 

4,500 

0.015 

14,668 

.0075 

18.000 

0.036 

58,671 

.0180 

5,500 

0.017 

17,927 

.0085 

20,000 

0.040 

65,190 

.0200 

6,500 

0.018 

21,187 

.0090 

21,000 

0.041 

68,449 

.0205 

7,500 

0.021 

24,446 

.0105 

25,000 

0.048 

81,487 

.0215 

8,500 

0.025 
0.027 
0.029 

27,706 
30,965 
84,225 

.0125 
.0135 
.0146 

26,000 
Broke  i 

0.043 

84,747 
itrain. 

9,500 
10,500 

In  applying  i 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

Mechanical  Laboratory,  Dkpartmrjtt  of  Enoixrrrino,  SiByvars  Institute  of  Technology. 

TABLE  CXX1L— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  16  B— Material:  Alloy.— Original  mixture:  44.63  Cu,  56.37  Sn.— Analysis:  44.62  Co, 
65. 15  Sn.— Dimensions :  Length,  2".    Diameter,  0.025". 


Load. 


Pounds. 
2,000 
8,000 
4.000 
5,000 
6,000 
7.000 
8,000 
9,000 


Compres- 
sion. 


Inches. 
0.006 
0.010 
0.014 
0.018 
0. 022 
0.025 
0.027 
0.029 


Load  per 
square 
Inch. 


Pounds. 
6,519 
9,778 
13,038 
16,297 
19,557 
22, 816 
26,076 
29,335 


Compression  in 
parts  of  orig- 
inal length. 


.0010 
.0020 
.0028 
.0036 
.0044 
.0050 
.0054 
.0058 


Load. 


Compres- 
sion. 


Inches. 
0.031 


0.038 


Load  per 
square 
inch. 


Pounds. 
32,595 


32,595 
35,854 


.006c 
.0066 


Pounds. 

10,000 
Repeated- 

10,000  I 

11,000  | 

Broke  in  applying  strain,  a  cone-shaped  wedge 
at  the  top  of  the  piece  apparently  crushing  out  the 
metal  on  all  sides  of  it. 


Compression  in 
parts  of  orig- 
inal length. 


TABLE  CXXILL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  17  D.— Material:  Alloy.— Original  mixture:  41.74  Cu,  58.26  Sn.— Analysis:  88.83  Co, 
60.79  Sn.— Dimensions;  Length,  2".    Diameter,  0.625." 


1,000 

0.004 

8,259 

.0020 

8,000 

0.030 

26,076 

.0150 

2,000 

0.009 

6,519 

.0045 

9,000 

0.038 

29,335 

.0165 

3,000 

0.015 

9,778 

.0075 

10,000 

0.035 

32,595 

.0175 

4,000 

a  018 

18,038 

.0090 

11,000 

0.039 

85,854 

.0195 

5,000 

0.021 

16,297 

.0105 

12,000 

0.041 

39,114 

.0206 

6,000 
7,000 

0.024 
0.026 

19,  557 
22,816 

.0120 
.0130 

Broke  just  as  strain  was  applied.  Conical  wedge- 
,  shaped  fracture,  like  No.  16  JB. 

1 

TABLE  CXXTV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  17  B.— Material:  Alloy.— Original  mixture:  41.74  Cu,  58.26  Sn.— Analysis :  88.83  Cu, 
60.79  Sn.— Dimensions :  Length  2".    Diameter,  0.625". 


2,000 

0.004 

6,519 

.0020 

8,000 

0.028 

26,076 

.0115 

8,000 

0.009 

9,778 

.0045 

9,000 

0. 025 

29,335 

.0126 

4,000 

0.013 

13, 038 

.0065 

10,000 

0.028 

82, 595 

.0L40 

6,000 

0.017 

16,297 

.0085 

11,000 

0.031 

85,854 

.0156 

6,000 

0.019 

19,557 

.0095 

1      12,000 

0.034 

89,114 

.0170 

7,000 

0.021 

22,816 

.0105 

Broke  i 

n  applying  i 

itrain.    Frac 

*urelike!7D. 

TABLE  CXXV.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  18  D.— Material:  Alloy.— Original  mixture:  39.2  Cu,  60.8  Sn.— Analysis:  38.37  Cu, 
61.32  Sn.— Dimensions:  Length.  2".    Diameter,  0.625". 


1,000 
2,000 
8,000 
4,000 
5,000 
6,000 


7,000 
8,000 
9,000 


22,816 
26,076 
29,336 


.0135 
.0146 


Broke  in  applying  strain,  pieoes  being  crushed 
off  upper  end. 


TABLE  CXXVL— ALLOY  OF  COPPER  AND  TIN. 


Original  mark:  No.  19  B.— Material:  Alloy.— Original  mixture:  34.95  Cu,  65.05  Sn. -Analysis:  84.22  Cu, 
65.80  Sn.— Dimensions:  Length,  2".    Diameter,  0.625''. 

1,000 

0.002 

8,519 

.0010 

4,850 

0.051 

15,809 

.0255 

2,000 

0.006 

6,519 

.0030 

8,200 

0.066 

10, 430 

.0330 

8,000 

0.011 

9,778 

.0055 

2,300 

0.096 

7,497 

.0480 

4,000 

0.016 

13, 038 

.0080 

2,700 

0.111 

8,801 

.0655 

6,000 
6,000 
Strain  dec 

0.020 

0.024 

rested  to— 

16,297 
19,557 

.0100 
.0120 

Piece  bulged  out  in  the  middle 
mencod  at  6,000  pounds. 

.    Bulging  com* 

4,100  1         0.044 

13,364 

.0220 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

Mechanical  Laboratory,  Department  or  Engineering,  Stevens  Institute  of  Technology. 

TABLE  CXXVIX— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  20  B— Material:  Alloy—Original  mixture:  28.72  Cu,  71.28  Sn.— Analysis:  25.12 
Co,  74.51  Sn.— Dimensions :  Length,  2".    Diameter,  0.625". 


Load. 

Compres- 
sion. 

Load  per 
square 

Compression  in 
parteof  origi- 

Load. 

Compres- 
sion. 

Load  per 
square 

Compression  in 
parts  of  origi- 

inch. 

nal  length. 

inch.* 

nal  length. 

Pounds. 

Inches. 

Pounds. 

Pounds. 

Inches. 

Pounds. 

1,500 

0.004 

4,889 

.0020 

3,150 

0.512 

10,267 

.2560 

2,000 

0  010 

6,519 

.0050 

3,000 

0.561 

9,778 

.2806 

3,000 

0.018 

9,778 

.0090 

4,000 

0.023 

13,038 

.0115 

Removed  piece. 

5,000 

0.029 

16,297 

.0145 

At  2,700  pounds  (compression  0.077),  after  the 

6,500 

0.034 

17,927 

.0170 

piece  had  resisted  5,500  pounds,  a  wedge-shaped 
piece  was  observed  to  be  cracked  off  at  the  upper 

Strain  red 

need  to— 

4,450 

0.062 

14,505 

.0310 

corner,  but  not  separated.    At  2,000  pounds  (com- 

2,700 

0.077 

8,801 

.0385 

pression  0.243)  the  wedge-shaped  piece  was  crushed 

1,700 

0.088 

6,541 

.0440 

out  to  one  side  of  the  compression  specimen. 

900 

0.136 

2,934 

.0680 

Soon  afterwards  a  second  wedge-shaped  piece 

1,000 

0.168 

8,259 

.0840 

was  crushed  off  from  the  opposite  upper  corner, 

1,500 

0.194 

4,889 

.0970 

and  when  the  test-piece  was  removed,  after  a  com- 
pression of  0.561,  both  wedges  still  remained  at- 

2,000 

0.243 

6,519 

.1215 

2,500 

0.831 

8,149 

.1655 

tached  to  it 

8,000 

0.458 

9,778   ' 

.2290 

TABLE  CXXV1TL— ALLOY  OF  COPPER  AND  TIN. 


Original  mark:  No.  22  B.— Material:  Alloy.— Original  mixture:  21.18  Cu,  78.82  Sn.— 

Analysis:  20.21 

Cu,  79.62  Sn 

—Dimensions:  1 

Length,  2".    Diameter,  0.625". 

750 

0.011 

3,445 

.0055 

2,500 

0.184 

8,149 

.0920 

1,000 

0.015 

8,259 

.0075 

8,000 

0.238 

9,778 

.1190 

1,600 

0.018 

4,889 

.0090 

3,200 

0.274 

10,430 

.1370 

2,000 

0.022 

6,519 

.0110 

2,500 

0.317 

8,149 

.1585 

3,000 

0.026 

9,778 

.0130 

2,000 

0.416 

6,519 

.0280 

4,000 

0.034 

13,038 

.0170 

1,200 

0.503 

8,911 

.2515 

5,000 

0.047 

16,297 

.0235 

400 

a  581 

L304 

.2905 

Strain  dec 

reased  to— 

4,850 

0.068 

15,809 

.0340 

Piece  slipped  out  from  between  the  pressore- 

4,800 

0.089 

15,646 

.0445 

plates.    Bent  in  a  double  curve  with  a  crack  on 

3,000 

0.101 

9,778 

.0505 

the  convex  side  of  each  curve. 

3,200 

0.119 

10,430 

.0595 

Double  curve  observed  at  5,000  pounds.    At  4,800 

2,650 
2,150 

0.137 
0.167 

8.638 
7,008 

.0685 
.0835 

pounds  (compression  0.089)  the  resistance  decreased 
in  2  minutes  to  3,300. 

TABLE  CXXIX.— ALLOY  OF  COPPER  AND  TIN. 


Original  mark:  No.  23  A.— Material:  Alloy.— Original  mixture:  15.19  Cu,  84  81  Sn.— 

Analysis:  15.12 

Cu,  84.58  Sn. 

—Dimensions:  I 

-engtn,  2".    Diameter,  0.625". 

750 

0.008 

2.445 

.0040 

2,600 

0.793 

6,475 

.3965 

1,000 

0.012 

3,259 

.0060 

2,800 

0.914 

9,127 

.4570 

1,500 

0.015 

4,889 

.0075 

2,900 

L027 

9,452 

.5135 

2,000 

0.030 

6,519 

.0150 

2,000 

C       0. 112 
\       0.200 

}      6,519 

C.0560 
$.1300 

Removed  piece. 

At  2,000  pounds  (compression  0.112)  the  piece 

In  5  minutes  strain  decreased  to— 

was  slightly  bulged  out  }  inch  from  the  bottom. 

At  2,900  (compression  1.027)  the  wedge-shaped 
pieces  separated  ftom  the  remainder  of  the  speci- 

1,600 

0.338 

5,215 

.1690 

1,400 

0.417 

4,563 

.2085 

1,500 

0.500 

4,889 

.2500 

men. 

1,700 

0.609 

5,541 

.3045 

2,000 

0.706 

6,519 

.3530 

TABLE  CXXX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  24  B.— Material:  Alloy.— Original  mixture:  11.84  Cu,  88.16  Sn.— Analysis:  11.48 
Cu,  88.50  Sn.— Dimensiono:  Length,  2".    Diameter,  0.625/'. 


600 

0.012 

1,630 

.0060 

Removed  piece. 

1,000 

0.020 

8,259 

.0100 

At  3,100  a  slight  double  curve  was  observed. 

2,000 

0.032 

6,519 

.0160 

At  3,400  the  scale- beam  dropped  instantly  if  the 

3,000 

0.059 

9,778 

.0295 

motion  of  the  handle  was  stopped,  but  rose  on  start- 

3,100 

0.139 

10,104 

.0695 

ing  again. 
When  removed,  the  piece  was  slightly  bent  in 

3,000 

0.174 

9,778 

.0870 

3,400 

0.509 

11,082 

.2995 

a  double  curve  and  increased  in  diameter  to  about 

8,900 

0.857 

12, 712 

.4285 

0.85  inch. 

4,300 

1.008 

14, 016 

.5040 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

Mbchaxical  Laboratory,  Dkpartkrxt  of  Ekgikrrrdio,  Stevens  Institute  of  Technology. 

TABLE  CXXXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  25  A.— Material :  Alloy.— Original  mixture:  0.70  Co,  90.30  Bn.— Analysis:  8.57  Co, 
01.30  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


Load. 


Compres- 
sion. 


Load  per 
square 
inch. 


Compression  in 
parts  of  origi- 
nal length. 


Load. 


Compres- 
sion. 


Load  per 
square 
inoh. 


Compression  in 
parts  of  origi- 
nal length. 


Pound*. 
150 

1,000 

2,000 


Inches. 
.0000 

.0009 

.1117 


Pound*. 


Pound*. 
3,000 


Inch**.        Pound*. 
Lifted  the  beam. 


8,259 
6,519 


.0004 
.0558 


Wedge-shaped  pieces  cracked  at  the  top  and 
botton  of  the  specimen,  bat  did  not  break  off. 


TABLE  CXXXIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  26  B.— Material:  Alloy.— Original  mixture:  4.29  Cu,  95.71  Sn.— Analysis:  3.72  Cu, 
96.31  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


160 
1,000 


.0000 
.0007 


3,269 


.00035 


2,000 
8,000 


'.6845    1         6,519 
Lifted  the  beam. 


.8422 


TABLE  CXXXIIL— ALLOY  OF  COPPEE  AND  TIN. 

Original  mark:  No.  27  D.— Material:  Alloy.— Original  mixture:  1.11  Cu,  98.89  Sn.— Analysis:  0.74  Co, 
99.02  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


150 
1,000 


.0073 


8,359 


2,000 
8,000 


.7264 


6,519 


TABLE  CXXXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  28  C— Material :  Alloy.— Original  mixture:  0.557  Cu,  99.443  Sn.— Analysis:  0.32  Cu, 
99.46  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


160 
1,000 
2,000 


.0000 
.0038 
.7520 


8,959 
6,519 


.0019 
.3760 


8, 000    I  Lifted  the  beam. 
Cracked  through  the  middle,  but  did  not 


TABLE  CXXXV.-4JAST  TIN. 

Original  mark :  No.  29  C— Material :  Banca  tin,  cast  in  iron  mold.— Dimensions :  Length,  2".    Diameter. 

0.625". 


1,250 

0.008 

4,074 

.0015 

2,800    1         0.899    1         7,497    |           .4445 

1,500 

0.012 

4,889 

.0060 

1,750 

0.048 

5,704 

.0215 

Removed  piece. 

1,850 

0.097 

6,030 

.0485 

At  1,850  pounds  the  piece  -was  observed  to  be 

1,900 

0.158 

6,193 

.0790 

bulging  out  on  all  sides,  but  still  remaining  verti- 
cal.   At  the  end  of  the  test  the  piece  had  a  slight 

2,000 

0.265 

6,519 

.1825 

2,000 

0.473 

6,519 

.2365 

bend  in  one  direction,  and  was  increased  In  diame- 

2,200 

0.612 

7,171 

.8060 

ter  to  0.86  and  0.89  inoh  in  different  parts  of  the 

2,800 

0.729 

7,497 

.8645 

length. 
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RECORD  OF  TESTS  BT  COMPRESSIVE  STRESS— Continued. 

Mechanical  Laboratory,  Department  op  Exgdjkrrixq,  Stevexb  Ihstitutb  op  Technology. 

CXXXVL— CAST  COPPER. 

Original  mark :  No.  80.— Material :  Lake  Superior  copper,  cast  in  iron  mold.— Dimensions :  Length,  2" 


Load. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  orig- 
inal length. 

Load. 

Compres- 
sion. 

Load  per 
square 
Inch. 

Compression  in 
parts  of  orig- 
inal length. 

Pounds. 

Inches. 

Pounds. 

'Founds. 

Inch**. 

Pounds. 

500 

0.003 

1,630 

.0015 

12,000 

0.162 

39,114 

.0810 

1,000 

0.005 

3,259 

.0025 

13,000 

0.205 

42, 373 

.1025 

2,000 

0.008 

6,519 

.0040 

14,000 

0.251 

45,633 

.1255 

8.000 

0.011 

9,778 

.0055 

15,000 

0.294 

48,892 

.1470 

4,000 

0.014 

13,038 

.0070 

16,000 

0.337 

52,152 

.1685 

5,000 

0.018 

16,297 

.0090 

18,000 

0.422 

58,671 

.2110 

6,000 

0.021 

19,557 

.0105 

20,000 

0.510 

65,190 

.2550 

7,000 

0.028 

22,816 

,0130 

21,000 

0.559 

68,449 

.2795 

3,000 

0.035 

26,076 

.0175 

22,000 

0.642 

71,709 

.8210 

9,000 
10,000 
11,000 

0.051 
0.080 
0.119 

29,335 
82,595 
35,854 

.0255 
.0400 
.0595 

Pieoe  removed  slightly  bent. 
Surface  wrinkled. 
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TESTS   OF   METALS. 


TE8TS  BY  TORSIONAL  STRESS. 

Mechanical  Laboratory,  Department  op  ExaixERRcro,  Stevrxs  Imtttutr  of  Tbchxolooy. 

TABLE  OXXXVTL— COPPER  AND  TIN  ALLOYS-lsr  Series. 

RESULTS  OP  TR8T8  CALCULATED  FROM  TBR  AUTOGRAPHIC  8TRAIH  DIAGRAM. 


Ho. 

i 

I 

■s 

© 

! 

1 
1 
I 

1 

es-g 

1 
1 

1 

! 

H 

u 

-i 
A 

i 

Ttfinafks. 

IS 

Dtg. 
49.0 

Itu. 

In*. 

FLU*. 

FLtbt. 

FLU*. 

1  A.. 

0.40 

0. 17       57. 83 

30.82 

0.0351 

32.85 

10.. 

0.86 

26.5 

0.45 

0.20 

63.70 

84.34 

0.0104 

22.64 

ID.. 

1.90 

46.0 

0.55 

0.20 

75.46 

34.34 

0.0310 

47.65 

2  A- 

25.70 

296.0 

L08 

0.25     137.39 

40.22 

0.8990 

582.78 

SB.. 

24.30 

339.0 

1.30 

0.20     163.53 

34.34 

1.1021 

562.23 

2C. 

11.65 

177.0 

0.80 

0. 20     104. 81 

34.34 

0.3890 

272.28 

Defective;  several  bio  wholes. 

3D.. 

10.00 

169.0 

0.75 

0.30 

99.04 

46.09 

0.3600 

23a  80 

Defective ;  several  blowhole*. 

3  A.. 

42.25 

373.0 

1.45 

0.30 

181. 15 

46.09 

1.2669 

936.56 

3B.. 

13.70 

168.5 

1.00 

0.88 

128.30 

55.50 

0.3581 

312,69 

80. . 

20.50 

286.0 

L25 

0.40 

157.66 

57.83 

0.8529 

658.77 

3D.. 

22.50 

162.0 

L28 

0.35 

160.60 

52.56 

0.3344 

49L82 

4  A.. 

17.74 

166.0 

L40 

0.35 

176.28' 

51.96 

0.3490 

395.03 

4fi.. 

13.22 

136.0 

L40 

0.35 

175.28 

5L96 

0.2451 

296.70 

4C 

8.10 

90.0 

L10 

0.53 

140.04 

71.94 

0.1140 

183.05 

4  D.. 

10.40 

110.5 

1.18 

0.50 

149.45 

69.58 

0.1676 

234.08 

5  A.. 

12.70 

122.5 

1.40 

0.40 

175.28 

57.83 

0.2026 

283.49 

SB.. 

0.05 

39.0 

0.38 

0.20 

55.48 

34.34 

0.0224 

26.85 

Defective;  large  cavity. 

50.. 

1L08 

106.5 

1.40 

0.65 

175.28 

87.20 

0.1564 

265.70 

5D.. 

5.10 

68.0 

0.95 

0.40 

122.43 

57.83 

0.0666 

117.40 

Defective;  several  blowholes. 

6  A.. 

6.36 

69.5 

L15 

0  50 

145.92 

69.58 

0.0694 

143.51 

Defective  through  liquation. 

6B.. 

11.45 

100.0 

1.46 

0.60 

182.  H2 

81.32 

0.1391 

253.61 

60.. 

7.05 

87.0 

1.14 

0.45 

144.74 

63.69 

0.1068 

179. 41 

Defective  through  liquation. 

6D.. 

5.82 

6L0 

L05 

0.55 

134.17 

75.45 

0.0539 

130.83 

Defective  through  liquation. 

7  A.. 

1.45 

14.0 

1.38 

1.25 

172.93 

157.66 

0.0029 

32.87 

7B.. 

0.30 

5.0 

1.78 

0.78 

102.46 

102.46 

0.0004 

7.10 

Defective;  large  cavity. 

7C. 

L89 

21.8 

1.65 

0.70 

204.64 

93.07 

0.0065 

42.85 

7D.. 

L42 

13.0 

L65 

0.80 

192.89 

104.81 

0.0025 

3L56 

Equivalent 

maximum  tor- 

Diameter. 

sional  moment 

8  A.. 

0.07 

8.0 

0.90 

0.90 

116.55 

116  55 

0.0013 

2.00 

of  piece  finch 

8B-. 

0.22 

4.0 

1.02 

1.02 

130.65 

130.65 

0.0024 

5.27 

diameter. 

8C- 

0.16 
0.15 

3.0 
3.5 

1.05 
a  82 

1.05 
0.82 

134.17 
107. 16 

134.17 
107.16 

0.0013 
0.0019 

3.85 
8.74 

8D.. 

Inches. 

9D.. 

0.08 

1.5 

L50 

L50 

64.90 

64.90 

0.0008 

0.63 

a  970 

17.58 

11  A.. 

0.12 

a  75 

8.40 

3.40 

58.51 

58.51 

0.0002 

0.36 

0.965 

16.44 

12  A.. 

0.08 

L0 

L20 

1.20 

21.10 

21.10 

0.0003 

0.25 

0.900 

7.06 

18  C. 

0.10 

L0 

1.45 

1.45 

32.41 

32.41 

0.0003 

0.41 

0.960 

8.94 

14  D.. 

0.06 

L0 

2.80 

2.80 

48.31 

48.31 

0.0003 

0.19 

0.955 

13.54 

15  B.. 

0.00 

1.0 

3.70 

3.70 

63.62 

63.62 

0.0003 

0.28 

0.965 

17.28 

15  D.. 

0.09 

1.0 

2.45 

2.45 

42.35 

42.35 

0.0003 

0.28 

0.940 

12.45 

16  A.. 

0.07 

1.0 

1.30 

1.80 

56.47 

56.47 

0.0003 

0.54 

0.945 

16.84 

16  B.. 

0.09 

0.6 

2.15 

2.16 

102.30 

102.30 

0.0001 

0.68 

0.945 

29.60 

16  0.. 

0.12 

L25 

4.00 

4.00 

68.72 

68.72 

0.0004 

0.37 

0.890 

23.80 

17  A.. 

0.05 

2.0 

1.45 

1.45 

62.79 

62.79 

0.0018 

0.43 

0.940 

18.46 

17  0 .. 

0.12 

L2 

2.20 

2.20 

94.41 

94.41 

0.0004 

0.92 

0.922 

29.41 

17  D.. 

0.10 

1.76 

1.65 

1.65 

36.45 

86.45 

0.0004 

0.45 

0.625 

86.45 

18  A.. 

0.05 

1.0 

1.05 

1.05 

45.93 

45.93 

0.0003 

0.40 

a  896 

15.64 

18  0.. 

0.10 

2.5 

1.20 

1.20 

27.37 

27.87 

0.0009 

0.49 

18  D.. 

0.08 

1.6 

1.20 

L20 

27.87 

27.37 

0.0004 

0.37 

• 
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i 

|     * 

1 

a* 

No. 

3 

! 

4 

j 
1 

! 

1 

3 
I- 

*! 
IS 

I 

H 

I1 

11 

) 

Remarks, 

Sq.in. 
0.02 

*Tl 

Ins. 

Int. 

FLtbt. 

FLU*. 

FLU*. 

19  A.. 

0.33 

0.38 

9.83 

9.83 

0.00002 

0.13 

19  B.. 

0.14 

2.75 

1.28 

1.28 

29.00 

29.00 

0.00010 

0.64 

19  D.. 

0.02 

L75 

a  38 

0.38 

10.84 

10.84 

0.00004 

0.17 

20  A.. 

0.01 

0.5 

0.88 

0.38 

10.84 

10.84 

0.00001 

0.63 

Large  crystalline,  weakest;  flue 

granular,  strongest. 
Blowhole  in  center 

20  B.. 

0.30 

4.5 

1.60 

1.60 

35.44 

35.44 

0.00030 

1.30 

20  C. 

0.20 

2.6 

1.10 

1.10 

25.35 

25.35 

0.00009 

0.85 

20  D.. 

0.04 

L75 

0.45 

0.46 

12.24 

12.24' 

0.00004 

0.24 

21  A.. 

0.57 

4.5 

1.90 

1.86 

41.50 

40.63 

0.00030 

2.26 

22  A.. 

0.43 

5.5 

1.15 

L15 

26.36 

26.36 

0.0005 

1.82 

22  B.. 

1.26 

1.0 

1.50 

1.20 

33.43 

27.37 

0.0015 

4.99 

22  C. 

0.20 

4.0 

0.82 

0.80 

19.70 

19.30 

0.0002 

0.92 

22  D.. 

0.10 

3.25 

0.46 

0.45 

12.24 

12.24 

0.00015 

0.53 

23  A.. 

2.78 

26.5 

1.15 

0.83 

26.36 

19.91 

0.0103 

11.24 

23  C. 

1.64 

22.0 

0.85 

0.60 

20.31 

15. 26     0.  0072 

6.98 

23  D.. 

2.18 

26.0 

0.92 

0.65 

2L72 

16.31 

0.0100 

8.93 

24  A.. 

1.28 

16.5 

0.90 

0.63 

21.32 

15.90 

0.0040 

6.41 

24B.. 

8.13 

79.5 

1.08 

0.60 

24.95 

15.30 

0.0890 

82.99 

24C. 

9.88 

109.0 

L10 

0.55 

25.35 

14.26  '•  0.1634 

40.  n 

24  D.. 

3.50 

42.0 

0.90 

0.60 

2L32 

15.26 

0.0250 

14.63 

25  A.. 

11.88 

153.0 

0.90 

0.50 

21.32 

13.25 

0.3024 

48.47 

25  B.. 

10.95 

102.5 

1.30 

0.70 

29.39 

17.28 

0.1456 

44.18 

25  C. 

9.30 

123.5 

0.85 

0.45 

20.31 

12.24 

0.2057 

39.53 

25  D.. 

9.96 

148.0 

0.88 

0.60 

20.91 

15.26 

0.2851 

43.20 

26  A.. 

7.45 

117.0 

0.70 

0.40 

17.28 

11.23 

0.1863 

82.66 

Blowhole  in  center;  defective. 

26  B.. 

18.05 

251.0 

0.80 

0.45 

19.30 

12.24 

0.  6053 

77.34 

26  C. 

13.18 

213.0 

0.70 

0.33 

17.28 

9.84 

0.  5328 

58.11 

Blowhole  in  center;  defective. 

26  D.. 

18.40 

190.0 

1.15 

0.40 

26.36 

11.23 

0.4401 

75.22 

27  A.. 

14.38 

277.0 

0.68 

0.18 

16.78 

6.91 

0.  8118 

65.85 

Blowhole  in  oenter;  defective. 

27  B.. 

20.75 

362.5 

0.70 

0.30 

17.28 

9.21  J  1.2156 

92.98 

27C. 

18.50 

412.5 

0.80 

0.22 

19.30 

7. 19     1. 4U20 

87.81 

27  D.. 

15.86 

334.5 

0.55 

0.22 

14.26 

7.19 

1.0804 

74.22 

Blowhole  in  center;  defective. 

28  A.. 

1.14 

259.0 

0.10 

0.00 

5.17 

0.00 

0. 7308 

72.39 

(Defective  test.)  Diagram  incor- 
rect   Tested  with  100  pounds 

28  B.. 

34.25 

610.0 

0.68 

0.15 

16.78 

6.30 

2.4741 

154.11 

280.. 

26.30 

504.0 

0.70 

0.20 

17.38 

7.19 

1.9260 

120.30 

upon  arm. 

28D.. 

21.73 

492.0 

0.60 

0.20 

15.26 

7.19 

L8637 

103.55 

29  A.. 

25.10 

591.0 

0.55 

0.15 

14.26 

6.18 

2.3750 

120.86 

29B.. 

21.16 

510. 0 

0.55 

0.12 

11.26 

6.58 

1.9863 

102.86 

29C. 

21.95 

524.0 

0.50 

0.15 

13.25 

6.18 

2.  0278 

106.08 

29  D.. 

16.82 

596.0 

0.30 

0.10 

9.21 

5.17 

2.4010 

91.99 

80  A.. 

10.72 

105.0 

1.22 

0.50 

127.49 

64.41 

a  1524 

195.89 

30  B.. 

18.23 

158.0 

1.40 

0.40 

145. 13 

44.32 

0.3201 

331.69 

30  C. 

21.27 

177.0 

1.40 

0.50 

145.13 

54.41 

0.3900 

380.49 

30  D.. 

20.20 

172.0 

1.50 

0.45 

155.21 

49.36 

0.3712 

307.32 

Note.— In  making  np  the  averages  of  results  given  in  the  table  on  pages  330,  378,  the  pieces  marked 
defective  in  the  above  table  are  rejected. 

Bars  No.  1  to  No.  8,  inclusive,  and  No.  30,  were  tested  with  100-pound  weight  on  arm  of  torsion  ma- 
chine. Nos.  9  D,  16  A,  16  B,  17  A,  17  C,  and  16  A  were  tested  with  30-pound  weight,  and  the  remainder 
without  any  weight  on  arm. 

The  pieces  were  all  0.625  inch  diameter  exoept  Nos.  9  D  to  18  A,  inclusive.  The  diameters  of  these 
are  given  in  the  colnmn  headed  "  Remarks."  The  torsional  moment  of  the  piece  1b  given  in  the  table, 
and  in  the  column  of  "Remarks"  is  given  the  equivalent  torsional  moment  of  a  piece  of  standard  size, 
which  is  found  by  dividing  the  moment  as  found  from  the  diagram  by  the  ratio  of  the  cube  of  the  di- 
ameter of  the  piece  to  the  cube  of  0.625  inch,  the  torsional  strength  varying  as  the  cube  of  the  diameter. 
The  resilience  of  the  pieces  is  the  resilience  of  the  piece  as  tested,  ana  not  that  of  a  specimen  of  stand- 
ard size.  The  latter  cannot  be  given,  as  at  present  the  relation  of  the  torsional  resilience  to  diameter 
is  unknown. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS. 


[Second  aeriea."] 

Mechanical  Labobatoby,  Department  of  Engixebkixg,  Stevens  Inbtitute  of  Technology. 

TABLE  CXXXVUI.— ALLOY  QF  COPPER  AND  TIN. 

Original  mark:  No.  31.— Material:  Alloy.— Original  mixture:  07.5  Co,  2.5  Sn.— Dimension*:  Length 
between  supports,  J  =  22".    Breadth,  b  =  0.056".    Depth,  d  =  0.077". 


Load. 

Deflection. 

A 

Set 

Modnlas  of 
elasticity. 

E       P* 

Resistance  decreases  slowly. 

On  putting  on  380  pounds,  a  crack  was  found  on 
the  under  side  of  bar.  The  resistance  decreased 
as  the  deflection  was  increased,  till  the  bar  broke. 

Breaking  load,  860  pounds. 

Pounds. 
10 

Inehet. 
0.0110 
0.0146 
0.0207 
0.0321 
0.0438 
0.0552 
0.0674 

Inches. 

Modulus  of  rupture,  R  =  2  ^  =  13,014. 

The"  fracture  was  full  of  blowholes,  and  was 
partly  oxidised,  showing  that  the  crack  was  an 

20 

40 

5,760,780 
7, 441, 347 
8,274,843 
8,654,608 
8,860,050 

80 

(Bar  defective  j  test  worthless.) 

120 

160 

200 
3 

'""oJoioo"" 

240 

0.0828 
0.0082 
0.1188 
0.1568 

8,717,780 
8, 518, 506 
8,042,667 
6, 855, 244 

280 

820 

360 

TABLE  CXXXEL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  32.— Material:  Alloy.— Original  mixture:  02.5  Cu,  7.5  Sn.— Dimensions:  Length 
between  supports,  I  =  22".    Breadth,  b  =  0  056".    Depth,  d  =  0.882". 


Load. 

Deflection. 
A 

Set. 

Modulus  of 
elasticity. 

B  =  4A~o* 

Load. 

Deflection. 

Set. 

Modulus  of 
elasticity. 

E       ™ 

Poundt. 
10 

Inehet. 
0.0060 
0.0104 
0.0185 
0.0278 
0.  0376 
0. 0472 
0.0572 

Inches. 

Pounds. 

8 

600 

640 

680 

720 

760 

800 

3 

800 

840 

880 

020 

060 

1,000 

1,040 

1,080 

8 

Inches. 

Inches. 
0.0655 

20 

0.2006 
0.2365 
0.2887 
0. 3511 
0.4600 
0.6031 

40 

6,357,758 
8,461,765 
0,384,450 
0, 067, 673 
10, 281, 341 

10,564,538"" 

10, 706, 500 
10, 602, 504 
10,768,738 
10, 644, 211 

7,057,281 

80 

120 

6,080,003 

160 

200 

3,000,466 

3 

0.0036 

0.4118 

240 

0.0678 
0.0760 
0.0880 
0.0083 
0.1105 

0.6202 

0.7702 

L0427 

1.3217 

1.74 

2.13 

2.63 

3.78 

280 



820 

860 

400 

3 

0.0145 
Beam  sinks 

1,380,404 

440 

0.1232 
0.1380 
0. 1535 
0.1710 
0.1063 

10, 601, 656 

10, 161, 420 

0, 061, 177 

0,  570, 171 

8,087,663 

480 

840,132 

520 

8.40 

560 

600 

Bar  bent  to  deflection  org"  wl 

Breaking  load  (or  the  load  ca 

3*")  1,080  pounds.                   _ 

thout  breaking. 

3 

0.0577 

using  deflection  of 

600 

6.2065 

ice  decrease* 
ice  decrease* 

Resistai 
Resistai 

1  in  2*  to  586  pounds. 
1  in  lh  48"  to  562  pounds. 

Modi 

ilnsofruptn 

re.Ras2od» 

=  88,650. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS-Continued. 

[Second  series.] 

Mechakical  Labobatobt,  Department  or  ENonnnninra,  Stkvekb  ImrrruTs  of  Technology. 

TABLB  CXL.— ALLOY  OF  COPPEK  AND  TIN. 

Original  mark:  No. 33.— Material:  Alloy.— Original  mixture:  87.5  Cu,  12.5  Sn.— Dimensions:  Length 
between  supports,  22".    Breadth,  0.978'.    Depth,  0.977". 


Load. 

Deflection. 

Set 

Modulus  of 
elasticity. 

B==4AM» 

Load. 

Deflection. 

Set 

Modulus  of 
elasticity. 
Pl» 

B-4AM» 

Pounds. 
10 

Inches. 
0. 0042 
0.0075 
0.0125 
0.0236 
0.0332 
0.0409 
a  0608 

Inches. 

Pounds. 
1,000 

3 
1,040 
1,080 
1,120 
1,160 
1,200 

3 
1,200 
1,240 
1,280 
1,800 
1,320 
1,860 
1,400 
1,440 
I  1.480 
1,520 
1,560 
1,600 
1,640 
1,680 
1,700 

3 
1.700 

Inches. 
0.3245 

Inches. 

20 

0.0910 

40 

9, 387, 752 

9, 969, 873 

10, 603, 633 

11,478,087 

11, 549, 891 

0. 3611 
0.3950 
0.4498 
0. 5122 
0.6727 

80 

8,002,946 

120 

160 

200 

6,147,034 

3 

0.0049 

0.2827 

240 

0.0606 
0. 0701 
0.0793 
0.0890 
0.0980 

11, 618, 503 
11,717,949 
11, 838. 275 
31,869,378 
11, 974, 171 

""12,662,435"""* 

0.6892 
0.6475 
0.7485 
0.8111 
0. 8701 
a  9892 
1.1419 
L8032 
1.4878 
L0700 
1.8500 
2.1000 
2.4500 
2.1000 
8.5000 

280 

320 

860 

400 

3 

0.0036(f) 

440 

0.1071 
a  1168 
0.1255 
0.1355 
0.1461 

8,696,760 

480 

5  JO 

12, 155, 454 
12, 127, 844 
12, 047, 936 

560 

600 

"""aoiii" 

3 

2,235,179 

640 

0.1568 
0.1678 
0.1800 
0.1933 
0.2074 

680 

Beam  slnki 

11, 888, 540 
i  slowly. 

720 

1,424,927 

760 

2.81 

800 

11,315,997 

*" 

3 

0.0284 

deflection  ol 
00  pounds. 
8  PI 

840 

0.2269 
0. 2475 
0.2716 
0.2964 

Bar  brojce  after  a 
Breaking  load  1,7 

Modulus  of  ruptu 

about  4". 

880 

920 

9,937,327 

960 

i  =  60,403. 

TABLE  CXLL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  84.— Material:  Alloy.— Original  mixture:  82.5  Cu,  17.5  Sn.— Dimensions :  Length 
between  supports,  22".    Breadth,  0.950".    Depth,  0.970". 


10 

0.0060 
0.0080 
.      0.0135 
0.0227 
0.0316 
0.0405 
0.0481 

1,000 

10 

i  1.040 

1  1.080 

1,120 

!  1.100 

i  1,200 

1,240 

1,280 

1,320 

1,360 

1,400 

10 

1,440 

1,480 

1,520 

1,560 

1,600 

10 

1,640 

1,680 

1, 720 

1,760 

1,800 

1,840 

0.2060 

14,903,838 

20 

0.0098 

40 

9,098,944 
10, 820, 152 
11, 659, 056 
12, 129, 260 
12, 765, 982 

0. 2167 
0.2264 
0.2877 
0. 2472 
0.2614 
0.2728 
0.2852 
0.3003 
0. 3175 
0.8330 

14, 802, 187 

80 

120 

14,466,820 

160 

200 

10 

0.0035 

240 

0.0560 
0.0646 
0. 0729 
0.0804 
0.0881 

13, 158, 079 
13,307,417 
13,476.957 
18, 747, 250 
13,939,699 

280 

13,495,466 

320 

360 

400 

0.0436 

10 

0.0035 

0.8496 
0.3693 
0.3880 
0.4170 
0.4393 

440 

0.0940 
0,1027 
0.1099 
0. 1174 
0.1265 

14, 371, 235 
14, 849, 611 
14, 526, 967 
14, 644, 993 
14,562,306 

480 

12,065,889 

520 

56) 

600 

0.0985 

10 

0.0028 

0.4575 
0.4825 
0.5247 
0.5464 
0. 6757 
0.6125 

640 

0.1840 
0.1409 
0.1473 
0.1549 
0.1631 

""*0."i618"' 
oe  decrease! 

14,663,731 
14, 817, 236 
15, 007, 180 
15,063,694 
15, 059, 318 

680 

10,064,870 

720 

760 

800 

9,223,i87 

10 

0.0051 

Broke  suddenly  v 
seconds  after  puttix 
reading  the  deflect! 

Breaking  load,  1,1 

Modulus  of  ruptu 

rith  a  ringii 
g  on  the  stn 
on. 

340  pounds. 
3  PI 

800 

g  sound  about  80 
un,  and  Just  after 

Resistax 
10. 

I  in  19*  45^  t< 
0.0047 

>  788  pounds. 

840 

0.1703 
0.1790 
0.1873 
a  1959 

15,162,664 
15, 093, 815 
16,080,626 
14, 045, 481 

880 

920 

5  =  67,930. 

960 

416 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

[Second  series.] 

Mkchakical  Laboratory,  Department  of  Engineering,  Stevens  Institute  of  Technoloot. 

TABLE  CXLII— ALLOT  OP  COPPER  AND  TIN. 

Original  mark:  No. 35.— Material:  Alloy.— Original  mixture:  77.5  Cu,  22.5  Sn.— Dimensions :  Length 
between  supports,  22".    Breadth,  0.965".    Depth,  0.968". 


Load. 

Deflection. 

Set 

Modnlus  of 
elasticity. 
Pl» 

Load. 

Deflection. 

Set. 

Modulus  of 
elasticity. 
PJ* 

B=4aM» 

Pounds. 
10 

Inches. 
0. 0032 
0.0055 
0.0095 
0.0180 
0.0276 
0. 0358 
0.0436 

Inches. 

Pounds. 
480 
520 
560 
600 

3 
640 
680 
720 
760 
800 

3 
840 

Inches. 

0.0994 
0. 1059 
0.1145 
0.1229 

Inches. 

14,686.206 
14,  967,1942 

20 

40 

12,805,342 
13,516,751 
13, 222, 905 
13, 592, 263 
13,950,775 

14, 874, 325 

80 

14, 847, 529 

120 

0.0038 

160 

0. 1308 
0. 1385 
0.1458 
0.1528 
0.1006 

14, 880, 829 
14, 931, 859 

200 

8 

0.0035 

15, 018, 612 

240 

0. 0519 
0.0601 
0.0689 
0.0766 
0.0852 

14, 063, 667 
14, 168, 971 
14,092,421 
14, 293, 167 
14, 278, 257 

"*""i4,"357,924**** 

15, 126, 728 

280 

15, 149, 535 

820 

6.0045 
lttinir  on  afcr 

860 

Broke  in  ni 

ain. 

400 

Breaking  load,  820  pounds. 

«     3PJ 

8 

0.0035 

440 

0.0932 

Modulus  of  rupture,  R  = .,  oi  =  29,926. 

TABLE  CXLTH.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  36.— Material :  Alloy  (second  casting).—  Original  mixture:  72.5  Cu,  27.5  Sn.— Di- 
mensions: Length  between  supports,  22".    Breadth,  0.998".    Depth,  1.004". 


10 

0.0013 
0.0036 
0.0077 
0.0143 
0.0208 
0.0276 
0.0329 

240 
260 
280 
290 
300 

0.0386 
0.0422 
0.0453 
0.0475 

16, 387, 041 

20 

16, 238, 179 

40 

13, 691, 334 
14, 744, 515 
15, 205, 280 
15, 278, 736 
16, 021, 775 

16, 290,  571 

80 

16,090,922 

120 

Broke  in  annlvin?  strai 

n. 

160 

200 

Breaking  load,  290  pounds. 

4 

a  0013 

3  PI 

200 

0.0330 
0.0358 

Modulus  of  rupture,  Bsg  &gi  =  9,512. 

220 

16,196,313 

TABLE  CXLIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  37.— Material:  Alloy.— Original  mixture:  67.5  Cu,  32.5  Sn.— Dimensions:  Length, 
between  supports,  22".    Breadth,  9.965".    Depth, 0.987". 


10 

0.0068 
0.0097 
0.0116 
0,0133 
0. 0101 
0.0199 
0.0239 
0.0280 
0.0313 
0.0341 
0.0375 

200 
5 
220 
240 
260 
270 
280 

0.0403 

"""0.0435" 
0.0466 
0.0501 
0.0520 

14, 238, 174 

20 

0.0082 

80 

14. 509, 843 

40 

8,628,548 
10, 691, 894 
11, 533, 636 
12, 473, 879 
12, 295, 678 
12,832,669 
13,461,545 
13,771,159 

14, 775, 922 

60 

14, 888, 979 

80 

14, 896, 691 

100 

Broke*  in  amrivinfir  strai 

n. 

120 

Breaking  load,  270  pounds. 

3  PJ 
Modulus  of  rupture,  R  =  2  w 

140 

160 

i  =  9,477. 

180 
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KECOBD  OF  TESTS  BY  TRANSVERSE  STRESS-ContinuecL 

[Second  series.] 

Michahical  Laboratory,  Dkpartmkht  of  BxonrxEBBra,  Stkvxks  Institute  of  Technology. 

TABLE  CXLV.—ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  88  (E—P).— Material:  Alloy .-Original  mixture:  626  Cn,  87.5  Sn.— Dimensions : 
Length  between  supports,  9".    Breadth,  0.96a".    Depth,  0.906".    Middle  portion  of  original  bar. 


Pounds. 

12 

42 

80 

100 

120 

140 

0 

140 

100 

180 

200 

220 


Deflection. 
A 


Inches. 
0.0036 
0.0006 
0.0126 
0. 0136 
0.0146 
0.0166 


0.0156 
0.0163 
0. 0173 
0.0186 


Bet. 


Inches. 


Modulus 

of  elaAtioity. 

PP 

4Aod» 


1.218.C 


1,301,324 


1,096,617 


Broke  in  applying  strain. 


1,623,297 
1, 964, 287 
2,030,581 


Breaking  load,  210  pounds. 

3    PI 
Modulus  of  rupture,  R=y  -^p  =2,907. 

The  irregularity  of  the  first  three  deflections 
given  above  was  caused  by  the  bar  not  resting 
evenly  on  the  supports.  It  was  slightly  warped, 
and  at  the  beginning  of  the  test  only  the  corners 
touched  the  supports.  The  corners  appeared  to 
be  crushed  at  the  lower  pressures  oelow  80 
pounds. 


TABLE  CXLVL— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  89  (B— E).— Material:  Alloy.— Original  mixture:   57.5  Cn,  42.5  Sn.— Dimensions: 
Length  between  supports,  17".    Breadth,  1".    Depth,  0.985".    Lower  portion  of  original  bar. 


Pounds. 
22 
42 
62 
82 
102 
122 
142 


Deflection. 
A 


Inches. 

0.0042 
0.0086 
0.0105 
0. 0132 
0.0150 
0.0180 
0.0210 


Set 


Inches. 


Modulus 
of  elasticity. 
PP 


E=- 


TaW 


6,850,411 
7,588,929 
7,983,956 
8,739,548 
8,710,948 
8,690,646 


Broke  about  20  seconds  after  applying  strain. 
Breaking  load,  142  pounds. 

Modulus  of  rupture,  B=  y  -jjpr  =  3,732. 


TABLE  CXLVIL-^ALLOY  OP  COPPER  AND  TIN. 


Original  mark :  No.  40  (A— E).— Material:  Alloy. —Original  mixture:  52.5  Co,  47.5  Sn.— Dimensions: 
Length  between  supports,  9".    Breadth,  1.015".    Depth,  1".    Upper  portion  of  original  bar. 


Load. 


Pounds. 

21 

41 

61 

81 
101 
121 
141 
161 


Deflection. 
A 


Set. 


Inches. 


Inches. 
0.0020 
0.0037 
0.0050 
0.0055 
0.0065 
0.0071 
0.0080 
Broke  in  applying  strain. 


Modulus 
of  elasticity. 
B==_PPJ 
4  AM* 


1,989,682 
2,190,591 
2,644,380 
2, 790, 034 
8,060,061 
8,164,686 


27  T  M 


Breaking  load,  150  pounds. 

8    PI 
Modulus  of  rupture,  R= -j  -^  =  1,996. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 
[Second  eerie*.] 


Mechahical  Laboratory,  Dhpabtmbht  or  ExanaeBRnta,  Stkvxhb  Ikbtitote  or  Txcbxologt. 

TABLE  CXLVHL— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  No.  41  (A— F).— Material:  Alloy.— Original  mixture:  47.5  Cu,  62.5  Sn.— Dimensions: 
Length  between  support*,  15".    Breadth,  0.962".    Depth,  0.980".    Upper  portion  of  original  bar. 


Load. 


Deflection. 

a 


Set. 


Modulus 
of  elasticity. 

E=  _?P— 
4AM» 


Load. 


Deflection. 


8et. 


Modulns 
of  elasticity. 

E=  JW. 

4AM* 


Pounds. 

10 

20 

40 

60 

80 

100 

120 

140 

160 


Inches. 
0.0018 
0.0030 
0.0047 
0-0036 
0.0075 
0.0098 
a  0115 
0.0134 
0.0151 


Inch—, 


7,930,902 
8, 875, 059 
9, 940. 064 
9, 508, 991 
9, 723, 976 
9, 736, 077 
9, 874, 239 


Pounds. 
180 
200 
4 
220 
240 


Inches. 
0.0167 
0.0180 


Inches. 


0.0022 


10,044,225 
10,354,234 


0.0186 
Broke  in  applying  strain. 


11,022,256 


Breaking  load,  230  pounds. 

Modulus  of  rupture,  R = -»  "CT* = 5,601. 


TABLE  CXLIX.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  42  (A— F).— Material:  Alloy  .—Original  mixture:  42.5  Co,  57.5  Sn.— Dimensions : 
Length  between  supports,  18*.    Breadth,  0.995".    Depth,  0.995". 


22 

0.0083 
0.0060 
0.0124 
0.0158 
0.0188 
0. 0215 
0. 0249 
0.0285 

202 

222 
227 

0.0319     

9,419,455 

0.  250. 174 

42 

10,412,693 
9, 836, 878 
9, 603, 028 
9,653,107 
9, 824, 600 
9,677,893 
9,499,300 

0.0357    1 

82 

Broke  in  applying  strain  5  inches  from  A 
Mid. 

102 

122 

142 

Breaking  load,  222  pounds. 

3    PI 

162 

182 

Modulus  of  rupture,  R  =  «-  *>ji  =  6,084. 

TABLE  CL.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  42  (F-C).— Material:  Alloy.— Piece  remaining  after  previous  test,  13  inches 
long.— -Dimensions:  Length  between  supports,  12". 


22 

0.0022 

42 

0.0043 

82 

0.0091 

122 

0. 0132 

162 

0. 0164 

202 

0.0202 

242 

0.0220 

282 

0.0264 

4, 304, 986 
3, 971, 584 
4, 078, 589 
4,  353, 740 
4,407,490 
4, 848,  239 
4, 708, 000 


322 


0.0282 
0.0310 


6,032,666 
4,862,456 


Broke  just  as  strain  was  applied. 
Breaking  load,  362  pounds. 

3    PJ 
Modulus  of  rupture,  R = y  ~bd»  =  6,605. 


TABLE  CLL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  43.— Material:  Alloy.— Original  mixture:  37.5 Cu,  62.5  Sn.— Dimensions :  Length 
between  supports,  22".  Breadth,  0.970".  Depth,  0.990". 


10 
20 
40 
GO 
80 
100 

120 
140 


0.0038 
0.0050 
0.0106 
0.0169 
0.0228 
0.0308 

Beam  sinks  slowly. 
0.0389 
0.0482 


11, 813, 836 

10, 672, 961 

10, 041, 426 

9, 923, 982 

9,182,904 

8,724,939 
8,215,079 


160  0.0577      7,842,870 

180  0.0676      7,531,069 

200  0.0799     7,079,685 

6     0.0202     

200       Broke  just  as  beam  rose. 
Breaking  load,  200  pounds. 

Modulus  of  rupture,  R= y  -^-=6,943. 
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RECORD  OF  TESTS  BT  TRANSVERSE  STRESS— Continued. 


[Second  sertef.] 

Mechanical  Laboratory,  Department  or  Bmoixebbxho,  Stevexs  Institute  of  Technology. 

TABLE  CLTX— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  No. 44.— Material:  Alloy.— Original  mixture:  32.5  Co.  67.5  Sn.— Dimensions:  Length 
between  supports,  22".    Breadth,  0.985".    Depth,  0.990". 


Deflection. 

A 


Set 


Modulus  of 
elasticity. 

B**4AWP 


Deflection. 

A 


8et 


Modulus  of 
elasticity. 

TJ!         **» 


Pounds, 
10 
20 
40 
60 
80 
100 

120 
140 
160 


Inches. 


Inches. 
0.0019 
a  0075 
0.0176 
0.0247 
0.0319 
0.0406 

Beam  sinks  slowly. 
0.0505 
0.0607 
0.0743 


7,427,869 
6,330,144 
6, 765, 822 
6,984,987 
6,860,256 

6,618,447 
6,424,002 
5,997,876 


Pounds. 

180 

200 

6 

200 

210 


a  0907 
0.1098 


Inches. 


0.1122 


0.0325 


5, 527, 585 
6,078,241 


Heard  several  alight  cracks. 
;as  beam  rose. 


Bar  broke  just  a 
Breaking  load,  210  pounds. 

Modulus  of  rapture,  R  =  -|  —  -  7,178. 


TABLE  CLTIL— ALLOY  OP  COPPER  AND  TIN. 

Original  mark :  No.  45.— Material :  Alloy.— Original  mixture:  27.5  Co,  72.5  Sn.— Dimensions:  Length 
between  supports,  22".    Breadth,  0.078"..    Depth,  0.985". 


Load. 


Deflection. 
A 


Set 


Modulus  of 

elasticity. 

PP 

4AW» 


Load, 


Deflection. 
A 


Set 


Modulus  of 

elasticity. 

PP 

4AM* 


Pounds. 
10 
20 
40 
80 

100 
120 
140 
160 
5 
100 


Inches. 


Inches. 
0.0026 
0.0061 
0.0146 
6.0325 

Beam  sinks  slowly. 
0.0403 
0.0487 
0.0583 
0.0696 


Inches. 


9,838,147 
7, 803, 107 
7,010,792 

7,067,832 
7, 017. 989 
6,839,430 
6,547,436 


0. 0145 
0.0720 
Resistance  to  strain  decreased  in  1  min.  to  154 

pounds. 
Resistance  to  strain  decreased  in  8  min.  to  150 

pounds. 
Resistance  to  strain  decreased  in  44  hours  to  104 

pounds. 
Resistance  to  strain  decreased  in  69  hours  to  100 

pounds. 


0.0763 
0. 0817 
0.0887 
0.0970 
0.1053 
0.1162 
0.1297 
0.1480 
0.1647 
0.1846 
0.2057 


Inches. 
0.0400 


Pounds. 

4 
100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
800 

4 

800 

310 

320 

Breaking  load,  320  pounds. 

Modulus  of  rupture,  R  —  «-  r-g  ■ 


4,868,606 
4,902,125 
4,881,069 


0.0873 


4,496,144 
"4,"i58,"8i9"' 


0.2073 
0.2204 
Broke  just  as  beam  rose. 


4,005,997 


11,128. 


TABLE  CLIV.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  46.— Material :  Alloy.— Original  mixture:  22.5 Cu,  77.5  Sn.— Dimensions :  Length 
between  supports,  22".    Breadth,  0.980".    Depth,  0.992". 


10 

0.0036 
0.0066 
0. 0141 
0.0197 
0.0272 
0.0363 

2Q0 
280 
300 
4 
320 
840 
860 
380 
400 
10 
400 
420 

0.1675 
0.1923 
0.2203 

20 

8,432,047 
7, 893, 831 
8,474,849 
8, 182, 160 
7,665,497 
wly. 

4,051,591 

40 

60 

0.1044 

80 

a  2479 
a  2814 
0.3163 
a  3523 
0.3908 

8,591,869 

100 

Bef 

im  sinks  sloi 
0.0047 

8,167,015 

4 

120 

0.0460 
a  0579 
0.0709 
0.0868 
a  1045 

7,258,892 
6, 728, 160 
6,279,437 
5,770.317 
5,325,603 

2,848,081 

140 

0.2051 

160 

0.4051 

180 

Brokn  in  a. 

Dnlvinir  nfcr* 

n 

■     200 

4 

"""6*0357*' 

Breaking  load,  400  poundsT 

2  PI 
Modulus  of  rupture, R  —  q  m»  " 

220 

0.1239 
0.1487 

•  13,687. 

240 

4,491,042 

420 


Mechanical  Laboratory,  Dkpabtmbkt  of  ENomunro,  Bisybhs  Inbtitute  of  Tkhxology. 

TABLE  CLV.— ALLOT  OF  COPPER  AND  TIN. 

Original  mark :  No.  47.— Material :  Alloy.— Original  mixture:  17.5  Cn,  82.5  Sn.— Dimensions:  Length 
between  supports,  22".    Breadth,  0.990".    Depth,  0.983". 


TESTA   OF   METALS. 

RECORD  OF  TESTS  BY  TRANSVER8E  8TEESS— Continued. 
[Seoond  aw-fet.] 


Load. 


Deflection. 


Set 


Modulus  of 

elasticity. 

PI' 

4  AM* 


Load. 


Deflection. 
a 


Set 


Modulus  of 
elasticity. 
PP_ 

4AM» 


Pounds. 
10 
20 
40 
60 


100 
5 
120 
140 
160 
180 
200 
5 
200 
220 
240 
200 
270 
280 
290 
800 
5 


Inches* 


Inches. 
0.0027 

0.0070  8,039,339 

0.0158  7,856,258 

0.0256  6,994,770 

0.0865  6,167,163 

Beam  sinks  slowly. 

0.0499  5,638,814 


0.0817 
0.0804 
0. 1042 
0.1343 
0.1666 


0.1798 
0.2145 
0.2503 
0.30*1 
0.3367 
0.3762 
0. 4147 
0.4597 


0.0092 


0.0821 


5,472,481 
4, 899, 597 
4, 320, 565 
8,771,245 
8, 377, 873 


2,697,980 


832,406 


0.8084 
The  beam  was  observed  to  rise,  and  another 
reading  of  set  was  taken  in  2  minutes. 

5  ; |         0.3022  l 

The  beam  rose  again,  pushed  forward  the  poise 
till  beam  balanced  at  10  pounds. 
Time,  2  minutes. 


In  2  minutes  more  beam  balanced  at  14  pounds. 
The  pressure-screw  was  then  run  back  till  beam 
balanced  again  at  5  pounds,  and  another  reading 
of  set  taken. 
Pounds.,    Inches.     I     Inches.    I 

5  I I       0.2998    I 

Beam  rose  again. 

In  2  minutes  balanced  at  10  pounds. 
In  10  minutes  balanced  at  16  pounds. 
In  39  minutes  balanced  at  23  pounds. 
Ran  back  pressure-screw  till  beam  balanced 
again  at  5  pounds. 

6  : |       0.2902    | 

In  4  minutes  beam  rose  again. 

In  23  minutes  beam  balanced  at  14  pounds. 

In  1  hour  and  36  minutes  beam  balanced  at  20 
pounds. 

Ran  back  pressure-screw  till  beam  balanced 
again  at  5  pounds. 

5   J  |       0.2845    | 

Total  decrease  qf  set  in  2  hours  and  20  minutes, 
0.3C&4 -0.2845=0.0230  inches. 

Replaced  load  of  280  pounds. 

280    I        0.4849    I I 

300    |        0.5332    | I 

310    •  Broke  on  applying  strain. 

Breaking  load,  300  pounds. 

Modulus  of  rupture,  R  -» -^  ^  — 10,288. 


TABLE  CLVL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  48.— Material :  Alloy.— Original  mixture:  12.5  Cu,  87.5  Sn.— Dimensions :  Length 
between  supports,  22".    Breadth,  0.985".    Depth,  0.990.". 


10 
20 
40 
60 
80 

100 
5 
120 
140 
160 
180 
200 
5 
200 
220 
240 
260 
270 
280 
290 


0.0025 
0.0050 
0. 0141 
0.0230 
0.0352 

Beam  sinks  slowly. 

0.0508     

0.0120 


0.0769 
0.0969 
0. 1202 
0.1592 
0.2044 


0.2268 
a  2916 
0.4078 
0. 5210 
0.5763 
0.6458 
0.7185 
0.8025 


0.1238 


0.6742 


7,901,458 
7, 249, 195 
6,330,144 

5, 482, 803 


4, 397, 784 
4, 024, 116 
3,531,237 


2, 725, 307 


1,639,194 


1,207,609 

"ioii.fflo" 


Scale  beam  rose. 

In  2  minutes  balanced  at  20  pounds. 

In  4  minutes  balanced  at  29  pounds. 

In  15  minutes  balanced  at  34  nounds. 

Ran  back  pressure-screw  till  beam  balanced 
again  at  5  pounds. 

5    | |       0.6555    | 

Beam  rose  again,  balanced  at  12  pounds  in  5 
minutes. 

5    I |       0.6508    | 

Total  decrease  of  set  in  20  minutes,  0.6742— 
0.6508=0.0234  inches. 

Beam  rose  again,  but  test  was  continued  with- 
out further  waiting. 

260    I        0.83041 1 

280  0.9018     1 

800  1.0760    I  Beam  sank  rapidly. 

800  J  Repeated.    Bar  broke  just  as  beam  rote. 

Breaking  load,  300  pounds. 

Modulus  of  rupture,  R-  -|  —  «=  10,254. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

[Second  series.] 

Mechanical  Laboratory,  Department  of  Engineering,  Stevens  Institute  of  Technology. 

TABLE  CLVn.— ALLOT  OF  COPPER  AND  TUT. 

Original  murk:  No.  49.— Material:  Alloy.— Original  mixture:  7.5  Co,  92.5  So.— Dimensions:  Length 
between  support*,  22".    Breadth,  0.990".    Depth,  0.995". 


Load. 

Deflection. 

Set. 

Modulus  of 

elasticity. 

PP 

4AM» 

Load. 

Defleotion. 

a 

Set. 

Modulus  of 

elasticity. 

PP 

4Aod» 

Pounds. 
10 

Inches. 
0.0009 
0.0087 
0.0137 
0.0233 
0.0367 

Bea 
0.0537 

*""o."075i" 
0.1153 
0.1587 
0.2382 
0.3582 

Inches. 

Pounds. 
8 
220 
240 
250 
200 
270 
280 
290 

JMta 

Inches. 
0.2872 

20 

0.5282 

0.8017 

0.10072 

1.3300 

L7800 

2.6700 

8.6700 

40 

7,900,719 
7,020,089 
5,983,880 

8,083,424 

817,152 

00 

80 

m  sinks. 

100 

286,253 
2i&<na 

3 

0. 0128 

120 

4,361,591 

Bar  bent  without  breaking. 
Breaking  load  (or  load  causing  defleotion  of  3V 
inches),  290  pounds. 

140 

100 

2,751,989 

180 

iUUUD.;)«v1WuUuo. 

200 

1,524,081 

Modulus  of  rupture,  R=°   k^i— e'7M< 

TABLE  CLVm.— ALLOY  OF  COPPBSt  AND  TIN. 

Original  mark:  No.  50.— Material:  Alloy.— Original  mixture:  2.5  Cu,  97.5  Sn.— Dimensions: 
between  supports,  22".    Breadth,  0.991".    Depth,  0.997". 


Length 


10 

0.0032 
0.0081 
0.0221 
0.0331 

Be 
0.0472 
0.0629 

8,470,802 
6,692,585 
4,905,876 
4,918,288 
>wly. 

4,594,063 
4,809,216 

8,"578."218"""' 

2,676,090 
1,956,154 

210 

O.RS12 

20 

Repeated— 

40 

210 
210 
220 
230 
240 
250 

L0822 
1.0800 
1.3800 
1.6800 
2.4800 
1L  9300 

60 

am  sinks  ah 

482,108 

80 

100 

4 

0.0164 

172,423 

120 

0.0909 
0. 1418 
0.2217 
0.3777 
0.5797 

""Yaoii"" 

140 

Bar  bent  without  breaking. 

160 

Breaking  load  (or  load  causing  84  inches  de- 
flection), 250  pounds. 

180 

200 

985,188 

4 

a  5042 

Modulu.  of  rupture.  E=2  ^=«.»7S. 

200 

RECORD  OF  TESTS  BY  TENSILE  STRESS. 

[Second  series."] 

Mechaxic.il  Laboratory,  Dkpabtmxnt  of  Exgikbbrikg,  Stsvbvs  InrrrruTB  of  Technology. 

TABLE  CLDL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  81  A.— Material:  Alloy.— Original  mixture:  97.6  Cu, 2.5  Sn.— Dimensions:  Length, 

6".    Diameter,  0.798". 


Load  per 
square 
inch. 


Pounds. 

800 

2,000 

8,000 

4,000 

200 

6,000 

6,000 

7,000 

8,000 

200 

9,000 

10,000 

11,000 

12,000 

200 

13,000 


Elongation 
in  5  inches. 


Inches. 
0.0010 
0.0042 
a  0079 
0.0128 


0.0172 
0.0230 
0.0306 
0.0373 


0.0465 
0.0530 
0.0617 
0.0699 


0.0849 


Set 


Inches. 


0.0080 


0.6620 


Elongation  in 
parts  of  origi- 
nal length. 


.0002 
.0008 
.0016 
.0026 


.0034 
.0046 
.0061 
.0076 


.0091 
.6106 
.0128 
.0136 


.0170 


Broke  just  as  reading  was  taken  |  inch  from  O 
end. 

Diameter  of  fractured  section,  0.770  inch. 

Fracture  full  of  small  blowholes. 

Tenacity  per  square  inch,  original  section,  18,000 
pounds. 

Tenacity  per  sqnare  inch,  fractnred  section. 
18,958  pounds. 
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EECORD  OF  TESTS  BY  TENSILE  STRESS-Contiaued. 

[Second  aeries.] 

Mechanical  Laboratory,  Department  of  Engineering,  Stevens  Institute  of  Technology. 

TABLE  CLX—ALLOY  OF  COPPSB  AND  TIN. 


Original  mark:  No.  31 B.— Material:  Alloy.— Original  mixture:  97.5  Co,  2.5  Sn.— Dimensions 

6".    Diameter,  0.798". 


Length, 


Load  per 
square 
inch. 


Pounds. 

800 

2,000 

4,000 

200 

6,000 

8,000 

7,000 

8,000 

200 

10,000 

12,000 

200 

14,000 

15,000 

15,250 


Elongation 
in  5  inches. 


Inch**. 
0.0010 
0.0025 
a  0055 


0.0077 
0.0108 
a  0131 
0.0168 


0.0247 
0.0348 


0.0581 
0.0666 
0.0773 


Set. 


Inch**. 


Elongation  in 
parts  of  origi- 
nal length. 


.0002 
.0005 
.0011 


.0015 

.0021 

.0026 

.0084 

0.0081 

.0049 

.0070 

0.0273 

.0106 
.0138 
.0155 


Broke  2  inches  from  D  end  after  taking  reading. 
Diameter  of  fractured  seotion,  0.770  inch;  fall 
1  of  blowholes. 

Tenacity  per  square  inch,  original  section,  15,250 
!  pounds. 

i      Tenacity  per  square  inch,  fractured  section, 
16,374  pounds. 

The  bar  was  defective  in  consequence  of  sepa- 
ration of  metals,  and  blowholes  throughout  its 
whole  length. 


TABLE  CLXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  82  A.— Material :  Alloy.— Original  mixture:  92.5  Cu,  7.5  Sn.— Dimensions:  Length, 

5".    Diameter,  0.798". 


Load  per 
square 
inch. 


Pound*, 

800 

2,000 

8,000 

4,000 

200 

6,000 

8,000 

200 

10,000 

12,000 

200 

14,000 

16,000 

200 

18,000 

In  1  min. 

19,000 

20,000 


Elongation 
in  5  inches. 


Inch**. 
0.0010 
0.0027 
0.0089 
0.0051 


0.0073 
0.0091 


0.0104 
0. 0120 


a  0146 
0.0222 


0.0506 
0.0546 
0.0664 
0.0956 


Set 


Inch**. 


a  ooii 


0.0044 


0.0079 

"oVoiii* 


Elongation  in 
parts  of  origi- 
nal length. 


.0002 
.0005 
.0008 
.0010 


.0015 
.0018 


.0021 
.0024 


.0029 
.0044 


.0101 
.0109 
.0183 
.0191 


Load  per 
square 
inch. 


Pound*. 
200 

22,000 
23,000 

In  1  min. 
24,000 

In  20  sec. 
200 
26,000 
28,000 
28,500 


Elongation 
in  5  inches. 

Set 

Inch**. 

Inehe*. 
0.0906 

0.1509 

0. 1793 

0. 1916 

0.2166 

0.2218 

"oViiio"" 

0.3038 

0.8896 

Elongation  in 
parts  of  origi- 
nal length. 


.0350 
.0393 
.0431 


.0607 
.0779 


Broke  1  inch  from  C  end. 

Fractured  seotion  elliptical,  diameters,  0.690  z 
0.732  inch. 

Tenacity  per  square  inch,  original  section,  28,600 
pounds. 

Tenacity  per  square  inch,  fractured  seotion, 
85,922  pounds. 

Several  very  small  blowholes  in  fractured  sur- 
face. 


TABLE  CLXIL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  82  B.— Material:  Alloy.— Original  mixture:  92.5  Cu,  7.6  Sn.— Dimensions:  Length, 

5*.    Diameter,  0.798". 


800 

0.0004 
0.0038 
0.0062 
0.0085 
0. 0138 
0.0208 

.0001 
.0008 
.0012 
.0017 
.0028 
.0041 

200 
22,000 
24,000 
25,000 
In  1  min. 
26,000 
27,000 
27,300 

0.0944 

2,000 
3,000 
4,000 
6,000 
8,000 
200 

0. 1516 
0.2135 
0.2399 
0.2594 
0.2980 
0.8338 
0.3532 

.0313 

.0417 

• 

.0480 

.0619 

"67  0039*" 

.0596 

.0068 

10,000 

12,000 

200 

0.0272 
0.0368 

.COM 
.0072 

.0706 

"ofoiii"' 

Broke  f  inch  from  D  < 
Fractured  section  ell 

and. 
intioaL  dii 

un Atom.  0.7SS  r 

14,000 

16,000 

200 

0.0459 
0.0664 

.0092 
.0111 

0.720  inch.                       *       ~" 

"o'oiii"' 

Tenacity  per  square  inch,  original  section,  27,800 
pounds. 

Tenacity  per  square  inch,  fractured  section, 
82,844  pound*. 

18,000 
20,000 

0.0707 
0.1044 

.0141 
.0208 

TESTS  OF   METALS. 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued- 

[Seoond  series.'] 

Mechanical  Laboratory,  Dipabtmkht  of  Ekgikbebikg,  Stbvkvs  Institutb  of  Techhologx. 

TABLE  CLXHI.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  83  A.— Material :  Alloy.— Original  mixture :  87.5  Cu,  12.5  Sn.— Dimensions :  Length, 

5A    Diameter,  0.798". 


Load  per 
square 
inch. 


Pounds. 

1,200 

2,000 

8,000 

4,000 

200 

8,000 

8,000 

200 

10,000 

12,000 

200 

14,000 

18.000 

200 

18,000 


Elongation 
in  5  inches. 


Inches. 
0.0022 
0.0044 
0.0072 
0.0093 


0.0128 
0.0185 


(t)  0. 0184 
0.0218 


0.0246 
0.0292 


0.0342 


Set 


Inches. 


0.0005 


0.0008 


0.0037 

"oVoiii" 


Elongation  in 
parts  of  orig- 
inal length. 


.0004 
.0009 
.0014 
.0019 


.0026 
.0037 


.0037 
.0041 


.0049 
.0058 


.0068 


Load  per 
square 
inch. 


Pounds. 

20,000 

200 

22,000 

24,000 

200 

26,000 

27,000 

28,000 

200 

29.000 

Diameter 


Elongation 
in  5  inches. 


Inches. 
0.0405 


0.0485 
0.0605 


0.0804 
0.0927 
0.1129 


Set. 


Inches. 


0.0261 


0.0467 


Elongation  in 
parts  of  orig- 
inal length. 


.0081 


.0097 
.0121 


.0161 
.0185 
.0226 


0.0955 
Broke  in  middle  last  as  beam  rose, 
of  fractured  section,  0.776  inch. 
Tenacity  per  square  inch,  original  section,  29, 000 
pounds. 

Tenacity  per  square  inoh,  fractured  section,  30, 658 
pounds. 


TABLE  CLXT7.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  83  B.— Material:  Alloy.— Original  mixture:  87.5  Co.  12.5  Sn.— Dimensions:  Length. 

5".    Diameter,  0.798". 


1,200 
2,000 
3,000 
4,000 
6,000 
8,000 
200 

0.0025 
0.0052 
0.0097 
0.0139 
0.0206 
0.0275 

.0005 
.0010 
.0019 
.0028 
.0041 
.0055 

24,000 

200 

26,000 

28,000 

200 

80,000 

32,000 

200 

83,000 

33,200 

0.0905 

"ToSis" 

.0191 

0.1040 
0.1271 

.0208 

"aioS"" 

.0254 

^.0008(1) 

0.1561 
0.2007 

.0312 

"aiiii"* 

.0401 

10,000 

12,000 

200 

0.0330 
0.0396 

.0066 
.0079 

'"6."0049*" 

9.2270 
0.2432 

.0454 

.0485 

14,000 

0.0473 
0.0541 

.0094 
.0108 

16,000 

Broke  in  middle. 

200 

0.0200 

Diameter  of  fractured  section.  0.770  inch. 

Tenacity  per  square  inoh,  original  section,  83,200 
pounds. 

Tenacity  per  square  inch,  fractured  section,  85, 648 
pounds. 

18,000 

0.0623 
0.0709 

.0125 
.0142 

20,000 
200 

a  0421 

22,000 

0.0793 

.0159 

TABLE  CLXV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  34  A.— Material:  Alloy.— Original  mixture:  82.5  Cu,  17.5  Sn — Dimensions:  Length, 

5".    Diameter,  0.798''. 


2,000 

0.0032 

4,000 

0.0074 

6,000 

0.0104 

8,000 

0.0125 

200 

10,000 

0.0137 

12,000 

0.0150 

200 

14,000 

0.0161 

16,000 

0. 0170 

18,000 

0. 0176 

20,000 

0.0194 

22,000 

0.0200 

24,000 

0.0216 

200 

-0.0004(?) 


0.0001 


0.0002 


.0006 
.0015 
.0021 
.0025 


.0027 
.0030 


.0034 
.0035 
.0039 
.0040 
.0043 


26,000 
28,000 

200 
30,000 
82,000 

200 
84,000 
37,300 
40,200 


0.0224 
0.0244 


0.0264 
0.0288 


a  0042 


.0045 
.0049 


.0053 
.0058 


0.0091 

0.0316     w.  .0063 

0.0357 0071 

Broke  f  inch  from  A  end. 
Diameter  of  fractured  section,  0.795  inch. 
Tenacity  per  square  inch  of  original  section. 
40.200  pounds. 

Tenacity  per  square  inch  of  fractured  section, 
40,492  pounds. 
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BECOBD  OF  TESTS  BY  TENSILE  STBESS-Contiiraed. 

[Second  series.] 

HlCHAXIGAL  LABOBATOBT,  DEPARTMBHT  OF  EKOTVEBRIKG,  STBVBK8  IaBTJTOTB  Of  TECHHOLOGT. 

TABLE  CLXVL— ALLOY  OF  COPPKK  AND  TIN. 

Original  mark:  No. 34  B.— Material:  Alloy.— Original  mixture:  82.5  Co.  17.6  8n.— Dimensions:  Length, 

5".    Diameter,  0.798". 


Load  per 
square 
inch. 

Elongation 
in  5  inches. 

Pounds. 

Inches. 

2,000 

0.0019 

8,000 

0.0034 

4,000 

0.0054 

6,000 

0.0080 

8,000 

0.0110 

10,000 

0. 0119 

12,000 

0.0136 

14,000 

0.0149 

18,000 

0.0170 

18,000 

0. 0179 

20,000 

0.0200 

200 

Set. 


Elongation  in 
parte  of  orig- 
inal length. 


Load  per 
square 
inch. 


in  5 


igati< 
inch 


ion 
iches. 


Set. 


Elongation  in 
parte  of  orig- 
inal length. 


0.0022(f) 


.0004 
.0007 
.0011 
.0016 
.0022 
.0024 
.0027 
.0030 
.0034 
.0026 
.0040 


Pounds. 

22,000 
24.000 

200 
26,000 
28,000 
30,000 
82,000 

200 
82,200 


Inches. 
0. 0216 
0.0244 


Indus. 


0.0269 
0.0296 
0.0324 
0.0355 


+0.0021 


.0048 
.0049 


.0054 
.0059 
.0065 
.0071 


0.0139 
Broke  at  shoulder,  B  end. 
Diameter  of  fractured  section,  0.798  Inch. 
Tenacity  per  square  inch  of  original  section, 
32,200  pounds. 


TABLE  CLXVEL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  85  A.— Material:  Alloy.— Original  mixture:  77.5  Cu,  22.5  Sn.— Dimensions:  Length, 

5*     Diameter,  0.798". 


2,000 

0.0016 

4,000 

0.0060 

6,000 

0.0094 

8,000 

0.0124 

10,000 

0.0128 

12,000 

0.0143 

14,000 

0. 0161 

16,000 

0.0175 

18,000 

0.0180 

.0003 
.0012 
.0019 
.0025 
.0026 
.0029 
.0032 
.0035 
.0036 


20,000 
21,000 
22,000 
23,000 
23,600 


0.0198 
0.0197 
0.0203 
0.0207 


.0080 
.0039 
.0041 
.0042 


Broke  1  inch  from  A  end. 
Diameter  of  fractured  section,  0.798  inch. 
Tenacity  per  square  inch,  original  section,  23,600 
pounds. 


TABLE  CLXVin.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  85  B.— Material:  Alloy.— Original  mixture :  77.5  Cu.  22.5  Sn Dimensions:  Length, 

5".    Diameter,  0.798". 


1,200 

0. 0014 

2,000 

0.0040 

3,000 

0.0068 

4,000 

0.0100 

6,000 

0. 0142 

8,000 

0. 0178 

10,000 

0.0199 

12,000 

0.0224 

14,000 

0.0246 

.0003 
.0008 
.0014 
.0020 
.0028 
.0036 
.0039 
.0045 
.0049 


16,000 
18,000 
20,000 
22,000 
24,000 
25,000 
25,700 


0.0264 
0.0281 
0.0299 
0.0310 
0.0324 
0.0829 
Broke  in  middle. 


.0053 
.0056 
.0060 
.0068 
.0065 
.0066 


Diameter  of  fractured  section,  0.798  inch. 
Tenacity  per  square  inch,  25,700  pounds. 
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RECORDS  OP  TESTS  BY  TENSILE  STRESS— Continued. 

[Seeond  aeries.] 

Mechanical  Laboratory,  Department  of  Exgixeering,  Stevens  Institute  of  Technology. 

TABLE  CLXIX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  36  A.— Material:  Alloy.— Original  mixture:  72.5  Co,  27.5  Sn.— Rectangular  section 
0.998"  x  1.002".    Too  brittle  to  be  turned 


At  3,860  pounds,  the  piece  broke  in  the  upper 
law  of  the  tensile  machine,  1J  inches  from  A  end. 
Bet  again  in  machine.  At  6,500  pounds  broke  in 
lower  jaw.  1  inch  from  C  end.  Piece  too  short  to 
be  tested  further. 


Tenacity  per  square  inch,  6,500  pounds. 
Elongation  not  measured. 


TABLE  CLXX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  36 B.— Material:  Alloy.— Original  mixture:  72^  Cu,  27.5  Sn.— Rectangular  section. 

LOlP'x  1.000". 


At  6,550  pounds,  broke  in  lower  jaw,  1|  inches 
from  B  end. 

6.050  pounds,  broke  8  inches  from  bottom  and  1 
inch  above  edge  of  lower  jaw. 

6,300  pounds,  broke  at  edge  of  lower  jaw,  2| 
inches  from  B  end. 


Breaking  load,  6,550  pounds. 

Tenacity  per  square  inch,  6,485  pounds. 

Note.— If  appears  that  the  brittle  pieces  break 
in  the  jaws-of  the  machine  partly  by  crushing  and 
partly  by  tensile  strain.  The  figures  obtained  for 
tenacity  are,  therefore,  probably  too  low. 


TABLE  CLXXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  37  A.— Material:  Alloy.— Original  mixture:  67.6  Cu,  32.5  Sn.— Rectangular  section. 

0.975"  x  0.990". 


.At  1,606  pounds,  broke  in  lower  jaw,  1|  inches 
from  A  end. 

At  940  pounds,  broke  in  upper  jaw,  1£  inches 
from  C  end. 


At  1,240  pounds,  broke  in  upper  jaw. 
Breaking  load,  1,606  pounds. 
Tenacity  per  square  inch,  1,664  pounds. 


TABLE  CLXXII.— ALLOY  OF  COPPER  AJBTD  TEN. 

Original  mark:  No.  87  B.— Material:  Alloy.— Original  mixture:  67.5  Cu,  82.5  Sn.— Rectangular  section, 

0.982*  x  0.985". 


At  2, 014  pounds,  broke  in  lower  jaw  by  crushing. 

At  1,536  pounds,  broke  in  upper  jaw,  2  inches 
from  end. 

At  1,334  pounds,  broke  in  upper  jaw;  crushed 
off  1  inch. 

At  3,304  pounds,  broke  in  lower  Jaw,  1  inch  from 
end. 

At  2,408  pounds,  broke  in  upper  jaw,  J  inch  from 
end. 


At  3,150  pounds,  broke  in  upper  jaw,  1}  inches 
from  end. 

At  3,330  pounds,  broke  in  lower  Jaw,  f  inch  from 
end. 

Too  short  to  test  further. 

Breaking  load  (maximum),  3,330  pounds. 

Tenacity  per  square  inch,  3,408  pounds. 


TABLE  CLXXm.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  38  A.— Material:  Alloy.— Original  mixture:  62.5  Cu,  87.5  Sn.— Rectangular  section. 

0.980" x  0.992". 


Tested  4  times;  broke  each  time  in  upper  Jaw, 
at  1,282,  2,270, 1,980,  and  1,520  pounds. 


Breaking  load  (maximum),  2,270  pounds. 
Tenacity  per  square  inch,  2,335  pounds. 


TABLE  CLXXT7— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 88 B.— Material:  Alloy.— Original  mixture:  62.5  Cu,  87.5  Sn.— Rectangular  section, 

0.983"  x  0.990". 


Broke  in  jaws  at  766  pounds. 


Tenacity  per  square  inch,  787  pounds. 


426 


TESTS   OP   METALS. 


RECORDS  OF  TESTS  BY  TENSILE  STRES8— Continued. 

[Second  series.'] 

Mechanical  Laboratory,  Department  of  Ekgikkroixg,  Stevens  Institute  of  Technology. 

TABLE  CLXXV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  39  A— Material :  Alloy.— Original  mixture:  57.5  Cu,  42.5  Sn.— Rectangular  section 

0.982"  1 0.990". 


Tested  4  times ;  broke  in  jaws  each  time,  at  800, 
266,  1,166,  and  944  pounds. 


Breaking  load  (maximum),  1,166  pounds, 
Tenacity  per  square  inoh,  1,200  pounds. 


TABLE  CLXXVL— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  89 B.— Material:  Alloy Original  mixture:  57.5  Cu,  42.5  Sn.— Rectangular  section, 

0.988"  x  0.997". 


Broke  in  jaws,  at  966  and  1,530  pounds. 
Breaking  load  (maximum),  1,530  pounds. 
Tenacity  per  square  inoh,  1,663  pounds. 


[No.  40  was  broken  by  the  transverse  test  into 
pieces  too  short  for  tests  by  tension.] 


TABLE  CLXXVH.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  41  (A— C).— Material:  Alloy.— Original  mixture:  47.6  Cu,  52.5  Sn— Rectangular 

section,  0.968"  x  0.986". 


Tested  4  times;  broke  in  jaws  each  time,  at 
1,830,  1,730,  690,  and  1,360  pounds. 

Tested  a  fifth  time,  when  the  pieoe  broke  in  the 
middle,  at  1,720  pounds. 


Breaking  load  (maximum),  1,830  pounds. 
Tenacity  per  square  inch,  1,919  pounds. 


TABLE  CLXXVIIL— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  41  (E— D) — Material:  Alloy.— Original  mixture:  47.5  Cu.  52.5  Sn.— Rectangular 

section,  0.962"  x  0.985". 


At  1,340  pounds,  broke  2  inohee  from  E  end. 
At  1, 160  pounds,  broke  in  jaws  i  inch  from  E  end. 
At  1,320  pounds,  broke  2  inches  from  D  end. 


Breaking  load  (maximum),  1,340  pounds. 
Tenacity  per  square  inoh,  1,414  pounds. 


TABLE  CLXXIX— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  41  (B— E).— Material:  Alloy.— Original  mixture:  47.5  Cu,  52.5  Sn.— Rectangular 

section,  0.960"  x ;  0.990". 


At  2,120  pounds,  broke  1  inoh  from  E  end. 
At  2,750  pounds,  broke  2  inches  from  E  end. 


Breaking  load,  2,750  pounds. 
Tenacity  per  square  inch,  2,894  pounds. 


TABLE  CLXXX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  42  (C—E).— Material:  Alloy.— Original  mixture:  42.5  Cu,  57.5  Sn.— Rectangular 

section,  0.992"  x  1.004". 


Tested  4  times ;  broke  in  jaws  each  time,  at  760, 
2,204, 1,470,  and  1,034  pounds. 


Breaking  load  (maximum),  2,264  pounds. 
Tenacity  per  square  inch,  2,273  pounds. 


TABLE  CLXXXL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  42  (F—B).— Material:  Alloy.— Original  mixture:  42.5  Cu,  57.5  Sn.— Rectangular 

section,  6.955"  x  0.987". 


Broke  at  1,890  pounds,  8  inches  from  B  end. 


Tenacity  per  square  inch,  1,924  pounds. 
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BECOHD  OF  TESTS  BT  TENSILE  STRESS— Continued, 
[Second  series.] 

KBCHAKICAL  LABORATOBY,  DBPABXMBAT  OF  ENGDIBBBIXQ,  STKVBV8  INSTITUTE  OF  TECHNOLOGY. 

TABLE  CLXXXEL— ALLOY  OF  COPPEE  AND  TIN. 

Original  mark:  No.  48  A.— Material:  Alloy.— Original  mixture:  87.5  Cu,  82.5  Su.— Dimensions:  Length. 

5".    Diameter.  0.798." 


Broke  In  middle  at  1,400  pounds. 
Elongation  lew  than  0.01  inch. 


Tenacity  pei  square  inch,  2,800  pounds. 


TABLE  CLXXXm.— ALLOT  OF  COPPEE  AND  TIN. 

Original  mark:  No.  48  B.— Material:  Alloy.— Original  mixture:  87.5  Cu,  82.5  Sn.— Dimensions:  Length, 

5".    Diameter,  0.798". 


Broke  1  inch  from  B  end,  at  1,000  pounds. 
Elongation  less  than  0.01  inch. 


Tenacity  per  square  inch,  2,000  pounds. 


TABLE  CLXXX1Y— ALLOY  OF  COPPEE  AND  TIN. 

Original  mark:  No.  44  A.— Material:  Alloy.— Original  mixture:  82.5 Cu,  87.5  Sn.— -Dimensions:  Length. 

5".    Diameter,  0.798". 


Broke  in  middle,  at  790  pounds. 
Elongation  less  than  0.01  inch. 


Tenacity  per  square  inch,  1,592  pounds. 


TABLE  CLXXXY.— ALLOY  OF  COPPEE  AND  TIN. 

Original  mark:  No.  44  B<— Material:  Alloy.— Original  mixture:  82.5  Cu,  67.5  Sn.— Dimensions:  Length, 

b".    Diameter,  0.798". 


Broke  at  shoulder,  D  end,  at  1,526  pounds. 
No  elongation  detected. 


Tenacity,  8,052  pounds  per  square  inch. 


TABLE  CLXXXVI.— ALLOY  OF  COPPEE  AND  TIN. 

-Original  mixture 
Diameter,  0.798". 


Original  mark:  No.  45  A.— Material:  Alloy.— Original  mixture:  27.5  Cu,  72.5 Sn.— Dimensions:  Length, 


Broke  at  1,680  pounds,  1|  inches  from  C  end.  Tenacity,  8,360  pounds  per  square  inch. 


TABLS  CLXXXVIL— ALLOY  OF  COPPEE  AND  TIN. 

Original  mark :  No.  45  B.— Material:  Alloy.— Original  mixture:  27.5  Cu.  72.5  Sn.— Dimensions:  Length, 

5>#.    Diameter,  0.798". 


Broke  at  2,700  pounds,  1|  inches  from  D  end.  Tenacity,  5,400  pounds  per  square  Inch. 


TABLE  CLXXXVIH.— ALLOY  OF  COPPEE  AND  TIN. 

Original  mark:  No.  46  A.— Material :  Alloy.— Original  mixture:  22.5  Cu,  77.5  Sn.— Dimensions:  Length, 

V1.    Diameter,  0.798". 


Broke  at  2,100  pounds,  1  inch  from  C  end. 
Elongation  not  measured. 


Tenacity,  4,200  pounds  per  square  inch. 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued, 

[/Second  aeries.] 

Mechanical  Laboratory,  Department  of  Emgdjeerino,  Steybkb  IatsriTUTB  or  Tbchkolooy. 

TABLE  CLXXXIX.-ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  46  B.— Material:  Alloy.— Original  mixture:  22.5  Co,  77.5  Sn.— Dimensions:  Length, 

5".    Diameter,  0.798". 


Load     per 

square 
inch. 


Pound*. 

800 
1,600 
2,000 
2,400 
2,800 
3,200 
8,600 
4,000 

200 


Elongation 
in  5  inches. 


Inches. 
0.0615 
0.0058 
0.0070 
0.0090 
0. 0109 
0.0124 
0. 0140 
0.0157 


Set. 


Inches. 


0.0096 


Elongation  in 
parts  of  origi- 
nal length. 


.0003 
.0012 
.0014 
.0018 
.0022 
.0025 
.0027 
.0031 


Load  per 
square 
inch. 


Pounds. 
4,000 
5,000 
5,800 


Elongation 
in  5  inches. 


Inches. 
0.0164 
0.0182 
0.0213 


Set. 


Inches. 


Elongation  in 
parts  of  origi- 
nal length. 


.0033 
.0036 
.0043 


Broke  just  as  beam  rose  1}  inches  from  B  end. 

Diameter  of  fractured  section,  0. 796  inch. 

Tenacity  per  square  inoh  of  original  section, 
5,800  pounds. 

Tenacity  per  square  Inch  of  fractured  section, 
5,827  pounds. 


TABLE  CXC— ALLOY  OP  COPPER  AND  TIN. 

No.  47  A.— Broke  in  handling. 

ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  47  B.— Material:  Alloy.— Original  mixture:  17.5  Cu,  82.5  Sn.— Dimensions:  T^fA, 

5".    Diameter,  0.798".  — «•— 


Broke  at  1,408  pounds,  H  inches  from  D  end. 

Elongation  not  measured. 

Tenacity,  2,816  pounds  per  square  inch. 


Diameter  of  fractured  section,  0.797  inch. 
Tenacity  per  square  inch  of  fractured  section, 
2,822  pounds. 


TABLE  CXCL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  48  A.— Material:  Alloy  .—Original  mixture:  12.5  Cu,  87.5  Sn.— Dimensions:  Length. 

5".    Diameter,  0.798". 


Broke  in  middle,  at  1,708  pounds. 

Elongation  not  measured. 

Diameter  of  fractured  section,  0.795  inch. 


Tenacity  per  square  inch  of  original  section, 
3,416  pounds. 

Tenacity  per  square  inch  of  fractured  section, 
3,440  pounds. 


TABLE  CXCIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  48  B.— Material:  Alloy.— Original  mixture:  12.5 Cu,  87.5  Sn.— Dimensions:  Length. 

5y'.    Diameter,  0.796". 


Load  per 
square 
inoh. 


Pounds. 

800 
1,600 
2,000 
2,400 

200 
2,800 
3,200 
4,000 

200 
4,180 


Elongation 
in  5  inches. 


Inches. 
0.0022 
0.0097 
0.0160 
0.0224 


a  0810 
0.0407 
0.0551 


Set. 


Inches. 


0.0172 


Broke  in  middle. 


Elongation  in 
parts  of  origi- 
nal length. 


.0004 
.0019 
.0032 
.0045 


.0081 
.0110 


Diameter  of  fractured  section,  0.795  inoh. 

Tenacity  per  square  inoh,  original  section,  4,160 
pounds. 

Tenacity  per  square  Inch,  fractured  section, 
4,210  pounds. 
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BECOBD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

[Second  aeries,"] 

Mechanical  Laboratory,  Department  of  Engineering,  Stevens  Instttutb  of  Technology. 

TABLE  CXCIII.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  49  A.— Material:  AUo  v.— Original  mixture:  7.5 Co,  92.5  Sn.— Dimensions:  Length, 

5".    Diameter,  0.798".. 


Load  per 
square 
inch. 

Elongation 
in  5  inches. 

Set 

Elongation     in 
parts  of  origi- 
nal length. 

i 

Breaking  load,  6,102  pounds  per  square  inch. 
Diameter  of  fractured  section.  0.710  inch. 
Tenacity  per  square  inch  of  original  section, 
6,192  pounds. 

Pounds. 
3.200 

Inehet, 
0.0065 
0.0278 

Inches. 

.0013 
.0056 

Tenacity  per  square  inch,  fractured  section  (as* 
suming  that  the  final  section  sustained  the  last 
recorded  load,  5,000 poundsper  square  inch  origi- 
nal section) ,6.315  pounds.   Dividing  the  maximum 
load  by  the  final  area,  the  apparent  tenacity  per 
square  inch  of  fractured  section  is  7,981  pounds. 

4,000 
200 

0.0247 

4,400 

a  0472 

0.1109 

0.7945 

piece  oorraj 

0.8709 
Broke  in  m 

.0094 

.0222 

.1589 

train.    Reduced 

.1742 

5,000 
6,192 
Surface  of 
strain  to— 
4,800 
5,000 

»ted  by  f 



iddle. 

TABLE  CXCIT.— ALLOY  OP  COPPEB  AND  TIN. 

Original  mark:  No.  49  B.— Material:  Alio  v.— Original  mixture :  7.5Cu,  92.5  Sn.— Dimensions:  Length, 

5"-    Diameter,  0.798". 


Load  per 
square 
inch. 

Elongation 
in  5  inches. 

Set. 

Elongation     in 
parts  of  origi- i 
nal  length. 

Diameter  of  fractured  section,  0.680  inoh. 

Tensile  strength  per  square  inch,  original  sec- 
tion, 6,000  pounds. 

Tensile  strength  per  square  inch,  fractured  sec- 
tion, 8,260  pounds. 

Pounds. 

800 

Inches. 
0.0019 
0.0067 
a  0121 

Inches. 

.0004 
.0013 
.0024 

1,600 

2,000 

200 

0**0  66" 

2,400 

0. 0176 
0.0265 
0.0335 
a  0440 

.0035 
.0053 
.0067 
.0088 

."oio2 

.0127 
.0181 
.0249 
.0363 

2,800 

8,200 

4,000 
200 

0.0420 

4,400 
4,800 

0.0510 
0.0633 
0.0905 
0.1245 
0. 1815 

5,200 

5,600 

6,000 

6.000 
and  finally 
just  before : 

Continued 
broke.    Lai 
Taciure,  1.15 

3  minutes 
it  reodin] 
08  inches, 

;  piece  extended 
z  of  elongation, 
23.02. 

TABLE  CXCV.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  60  A.— Material:  Alloy.— Original  mixture:  2.5  Cu,  97.6  Sn.— Dimensions:  Length, 

Ifh    Diameter,  0.798". 


Load  per 
square 
inch. 


Pounds. 
1,200 
1,600 
2,000 
2,400 
2,800 
8,200 
8,600 
4,000 
4,400 
4,800 
5,200 
5,600 
5,600 


Elongation 
in  6  inches. 


Inches. 
0.0061 
0. 0124 
0.0236 
0.0356 
0.0493 
0.0596 
0.0691 
0.0926 
0.1158 
0.1601 
0.2496 
0.4391 
Continued 


Set. 


Inches. 


Elongation  in 
ports  of  origi- 
nal length. 


.0012 
.0025 
.0047 
.0071 
.0099 
.0119 
.0138 
.0185 
.0232 
.0320 
.0499 
.0878 
2  minutes.    Elongation 


increased  to  1.8260  or  36.52  per  cent.,  when  the 
micrometer  would  not  follow  it  further.  The  re- 
sistance to  strain  then  gradually  decreased  to  2,200 
pounds  per  square  Inch,  when  the  piece  broke  in 
the  middle.  Total  elongation  measured  after  frac- 
ture, 2.05  inches;  per  cent,  of  length,  41.00. 

Diameter  of  fractured  section,  0.545  inch. 

Tensile  strength  per  square  inch  of  original  sec- 
tion, 5,600  pounds. 

Tensile  strength  per  square  inch  of  fractured 
section  (assuming  that  the  final  section  sustained 
the  last  observed  load,  viz,  1,100  pounds),  4,500 
pounds. 

Dividing  the  maximum  load  (2,800  pounds)  by 
the  final  area,  the  apparent  tenacity  per  square 
inch  of  fractured  section  is  12,002  pounds. 
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RECORD  OF  TESTS  BT  TENSILE  STRESS— Continued. 

[Second  «trie».] 

Mechanical  Laboratory,  Department  or  Engineering,  Stevens  Institute  op  Technology. 

TABLE  CXCVI.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  50  B.— Material:  Alloy.— Original  mixture:  2.5  Cu,  97.5  Sn.— Dimensions:  Length, 

5".    Diameter,  0.798". 


Load  per 
square 
inch. 


Elongation 
in  5  inches. 


Inch*. 
a  0057 
0.0255 


Inch*. 


0.0347 
0.0400 
0.0515 
0.0707 
0.0775 


0.0185 


Pound*. 

1,200 

2,000 
200 

2,400 

2,800 

8,200 

8,600 

4,000 
200 

4,400 

4,800 

5,200 

6,000 

5,000 
Piece  extended  rapidly. 
Resistance  decreased  to  5,000,  at 
tinned  for  1  minute. 

5,000     I     1.8120     I I 


0.0045 
0.1275 
0.1900 
0. 3275 
Continued  2  minutes. 


Set 


0.0757 


Elongation  in 
parts  of  origi- 
nal length. 


.0011 
.0051 


.0069 
.0092 
.0103 
.0141 
.0155 


.0189 
.0255 
.0380 
.0655 

which  it  < 
.3624 


Resistance  decreased  farther  and  piece  broke  2 
inches  from  B  end. 

Total  extension,  measured  after  breaking,  1.98 
inches ;  per  cent,  of  length,  39.00. 

Diameter  of  fractured  section.  0.580  inch. 

Tenacity  per  square  ineh  ox  original  section, 
5,600  pounds. 

Tenacity  per  square  inch  of  fractured  section 
(dividing  maximum  load  by  final  area),  12,691 
pounds. 


RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS. 

Mechanical  Laboratory,  Department  or  Engineering,  Stevens  Institute  of  Technoloot. 

TABLE  CXCVJJ.-CAST  COPPER  (FLUXED  WITH  FLTJOR  SPAB). 
Material:  Cast  copper.— Laboratory  number:  525.— Dimensions:  Length,  2".    Diameter,  0.625." 


Load. 

Compres- 
sion. 

Load  per 
square 

Compression  in 
parts  of  origi- 

Load. 

Compres- 
sion. 

Load  per 
square 

Compression  in 
parts  of  origi- 

inch. 

nal  length. 

inch. 

nal  length. 

Pound*. 

Inch**. 

Pound*. 

Pound*. 

Inch**. 

Pound*. 

1,000 

0.002 

8,259 

.0010 

13,000 

0.3a 

42,373 

.1725 

2,000 

0.007 

6,519 

.0035 

14,000 

a  415 

45,633 

.2075 

3,000 

0.010 

9,778 

.0050 

15,000 

0.474 

48,892 

.2370 

4,000 

0.015 

13,038 

.0075 

16,000 

0.552 

52,152 

.2760 

5,000 

0.019 

16,297 

.0095 

16,500 

0.581 

53,782 

.2905 

6,000 

0.022 

19,557 

.0110 

17,000 

0.611 

55,411 

.3055 

7,000 

0.028 

22,816 

.0140 

17,500 

0.648 

57,041 

.8240 

8,000 

0.048 

26,076 

.0240 

22,000 

1.26 

71,709 

.0300 

9,000 

0.092 

29,335 

.0460 

Removed  piece. 

10,000 

0.140 

82,595 

.0730 

At  9,000  pounds  a 
served;  at  10,000  the 

slight  doub 
resistance  d 

ile  curve  was  ob- 

11,000 

0.201 

85,854 

.1005 

eoreased  to  9,700 

12,000 

0.279 

89,114 

.1895 

in  2  minutes. 
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RECORD  OP  TESTS  BY  TORSIONAL  STRESS. 

[Second  series.'] 

TABLE  CXCVm—COPPBR  AND  TIN  ALLOTS. 

BS8ULTB  OF  TKBTB,  CALCULATED  FROM  THE  AUTOGRAPHIC  STKAIN  DlAOBAMB. 


I 


Ordinate. 


h 


Torsional  mo- 
ment. 


Bemarka. 


•s 

111 

r 

8 


11 


s 


31  A. 
B. 
C. 
D. 

82  A. 
B. 
C. 
D. 

83  A. 
B. 
C. 
D. 

34  A. 
B. 
C. 
D. 

35  A. 
B. 
C. 
D. 


36  A. 


37  A. 
B. 


I  A. 
B. 


40  A. 
B. 

41  A. 
B. 

42  A. 
B. 
C- 

43  A. 
B. 
C- 
D. 

44  A. 

B. 
C. 
D. 

45  A. 
C. 
D. 


Sq.  in. 
8.55 
0.80 
1.40 
1.07 

20.00 
20.41 
16.75 
22.58 

0.06 
6.72 
11.65 
10.38 

1.01 
1.66 
8.51 
0.85 

0.82 
0.61 
0.81 
0.16 


0.10 


0.05 


0.18 
0.10 

0.03 
0.005 

0.02 

0.002 
0.016 

0.025 
0.06 

0.06 
0.12 
0.05 

0.07 
0.06 
0.06 
0.05 

0.03 
0.60 
0.28 
0.05 

0.07 
0.75 
0.18 


Degree*. 

20 
28 

41 


204 
207 
153 
185 

78 
56 

82 
73 

14 
18 
21 


4 

5.5 

5 

3 


L5 
1.8 

0.5 
0.4 

0.5 

0.3 
0.5 

1 

1 

1 
2 
1 

1.5 
2 

1 
L5 

1 
5 
8 
L5 

1.5 
5.5 
2.5 


Inches. 
0.85 
0.35 
0.65 
0.63 

1.45 
L50 
1.50 
L60 

1.75 
L55 
1.80 
L80 

1.00 
1.05 
2.15 
L70 

1.60 
2.10 
1.00 
L35 


8.25 


1.28 


2.45 
2.55 

8.15 
0.20 

0.63 

0.50 
0.65 

1.30 
1.40 

1.75 
1.80 
1.00 

0.60 
0.45 
0.00 
0.70 

0.40 
1.77 
0.05 
0.80 

0.80 
2.05 
1.50 


Inches. 
0.80 
0.20 
0.30 
0.30 

0.40 
0.40 
0.50 
0.60 

0.65 
0.60 
0.70 
0.60 

0.00 
0.00 
LOO 
L10 

1.40 
1.60 
0.80 
a  40 


8.25 


1.28 


2.45 
2.55 

3.15 
0.20 

0.63 

0.50 
0.65 

1.30 
L40 

1.75 
L30 
LOO 

0.60 
0.45 
0.00 
0.70 

0.40 
1.70 
0.05 
0.80 

0.80 
1.05 
L50 


Ft.-Ws. 
80.60 
30.28 
60.53 
67.51 

150.17 
155.22 
155.82 
165.30 

180.42 
160.85 
185.46 
185.46 

105.54 
200.58 
220.74 
175.38 

155.22 
215.70 
104.81 
140.00 


138.76 


133.04 


105.03 
108.25 

134.54 
10.19 

2a  32 

22.84 
29.16 

56.56 
60.78 

75.53 
56.56 
43.01 

12.38 
&  82 
16.50 
13.09 

6.83 
30.29 
17.35 
14.79 

14.79 
84.98 
26.74 


Ft.-lbt. 
34.24 
24.16 
84.24 
34.24 

44.82 
44.32 
55.27 
64.49 

69.53 
65.83 
74.57 
64.49 

94.73 
94.73 
104.81 
114.89 

145.13 
165.29 
84.65 
44.32 


138.76 


138.04 


105.03 
109.25 

134.54 
10.19 

28.32 

22.84 
29.16 

56. 56 
60.78 

75.53 
56.56 
43.91 

12.88 
8.82 
16.50 
13.00 

6.83 
20.50 
17.85 
14.70 

14.70 
83.84 
26.74 


0.0409 
0.0124 
0.0116 
0.0247 

0.4060 
0.5082 
0.3024 
0.4206 

0.0768 
0.0440 
0.0P55 
0.0763 

0.0029 
0.0025 
0.0065 
0.0010 

0.0002 
0.0004 
0.0004 

a  oooi 


0.00008 


0.00003 


0.00008 
0.0001 

0.00001 
0.00001 

a ooooi 

0.00001 
0.00001 

0.00003 
0.00003 

0.00003 
0.00001 

a  00003 

0.00004 
0.00006 
0.00002 
0.00004 

0.00002 
0.0004 
0.0001 
0.00004 

0.00004 

0.0004 

0.0001 


FLlbt. 
66.14 
16.10 
27.64 
87.51 

383.45 
373.46 
306.82 
410.10 

180.29 
122.29 
210.65 
187.63 

84.57 
80.11 
63.21 
15.51 

5.01 
1LU 
5.80 
8.02 


0.76 


0.91 


L37 
a  79 

0.24 
0.05 

0.16 

0.02 
0.14 

0.20 
0.47 

0.47 
0.04 
0.40 

0.24 
0.19 
0.20 
0.18 

0.11 
L89 
a  74 
0.18 

0.24 
2.34 
0.59 


Defective  bar. 
Defective  bar. 
Defective  bar. 
Defective  bar. 


0.980 


a  970 


0.975 
0.945 

0.930 

0.935 
0.935 

0.930 
0.925 

0.960 
0.950 
0.970 


36.56 


34.51 


28.10 
>24.15 

35.44 
2.95 

8.60 

6.82 
8.71 

17.17 

18.75 

20.84 
16.11 
1L75 


432  TESTS   OF  METALS. 

RECORD  OP  TESTS  BY  TORSIONAL  STRESS-Continued. 


I 

1 

4 

3 

Ordinate. 

Torsional  mo- 
ment 

ll 
I 

| 

i 

H 

< 

i 

< 

Remarks, 

Sq.in. 
0.26 

Degrees. 

Inches. 

Inches. 

FLU*. 

FL-lbs. 

It-lbs. 

' 

46  A.. 

3.5 

0.05 

0.05 

17.85 

17.35 

0.0002 

0.84 

§ 

B.. 

2.73 

16 

1.00 

L80 

33.56 

31.20 

0.0038 

&45 

C. 

0.87 

6 

1.85 

LOO 

32.71 

31.20 

0.0005 

2.71 

•Su 

D.. 

0.30 

4 

1.55 

L45 

27.50 

25.88 

0.0002 

1.24 

fl 

47  A.. 

a  18 

3 

0.05 

0.00 

17.35 

15.08 

0.0001 

0.60 

o 

B.. 

1.70 

13 

1.55 

L10 

27.50 

10.40 

0.0025 

5.32 

fc 

C- 

1.08 

10.5 

1.40 

L12 

25.03 

10.73 

0.0016 

a  33 

D.. 

2.11 

16 

1.55 

L30 

27.50 

23.83 

0.0038 

a  60 

a  f 

48  A.. 

6.75 

53 

1.35 

1.07 

24.18 

18.97 

0.0400 

21.16 

B.. 

8.51 

64 

L43 

1.15 

25.54 

20.84 

0.0502 

2&  62 

C. 

7.07 

63 

1.35 

1.10 

24.18 

10.48 

0.0574 

24.00 

D-. 

6.05 

46 

1.48 

L05 

25.54 

iaos 

a  0310 

iae3 

40  A.. 

10.73 

125 

LOO 

0.60 

ia2i 

12.38 

0.2103 

84.44 

if 

•a 

B.. 

15.30 

186 

0.00 

0.50 

16.50 

0.67 

0.4245 

40.26 

C. 

10.24 

180 

1.45 

0.60 

25.80 

12.38 

0.4014 

60.88 

Rapid  motion. 

D.. 

18.02 

221 

1.03 

0.50 

18.71 

9.67 

0.5662 

6a06 

! 

50  A.. 

22.45 

325 

0.82 

0.55 

15.22 

10.53 

1.0352 

73.82 

B.. 

21.33 

348 

0.80 

0.30 

14.70 

6.26 

1.1453 

70.45 

«  I 

C. 

26.02 

350 

1.00 

0.40 

1&21 

6.83 

1.1550 

84.15 

D.. 

2a  28 

424 

0.80 

0.30 

14.70 

6.26 

1.5400 

02.66 

*  Rectangular  section  0.070"  X  0.975",  reduced  to  standard  section  by  the  formula— 
V  =  — l±J- — = V  x  .221.    Y  =  value  of  specimen  tested,    o  =  side  of  square  specimen,    r  =  0.3125. 


4.242 

RECORD  OF  TESTS  BY  TRANSVERSE  STRESS. 

Mechanical  Laboratory,  Department  op  Engineering,  Stevens  Institute  of  Technology. 

TABLE  CXCIX.— BAB  OF  CAST  COPPEB. 

Original  mark:  No.  53.— Material:  Copper  cast  in  iron  mold.— Dimensions:  Length  between  supports, 
1=22".    Breadth,  1.0".    Depth,  L0". 


Load. 

Deflection. 

Set. 

Modulus  of 
elasticity. 

PP 
4A&eP 

Load. 

Deflection. 

Set 

Modulus  of 
elasticity. 

PP 
4A'M» 

Pounds. 
13 

Inches. 
0.0058 
0.0005 
0.0165 
0. 0245 
0.0315 
0.0335 

Inches. 

i 

6,520,438 
6, 444. 841 

8;  037,833 
6, 845, 142 
7, 014, 158 
7, 300, 029 

Pounds. 
3 
343 
803 
433 
403 
543 
503 
643 
743 
843 
883 
Bn*l 

Inches. 

Inches. 
0.0150 

23 

0.0070 

0. 1130 

0.1805 

0.1765 

a  2375 

0.3335 

0.46 

0.84 

L88 

10,448,980 

43 

9, 258, 107 

63 

8,832,536 

83 

93 

3 

0.0085 

118 

0.0385 
a  0405 
0.0500 

7, 813, 142 
8, 227, 114 
8,707,012 

153 

103 

3 

0.0100 

Broke 

in  annlvinip  strain. 

218 

0.0680 
0.0735 
0.0830 

9,000,004 
0,163,075 
0,897,187 

dnir  load,  about  860  nonnds. 

253 

Modulus  of  rupture,  R= J  j^— 28,380. 

208 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 
Mechanical  Laboratory,  Department  of  Engdjeeecno,  Stevenb  Institute  of  Tbchxologt. 

TABLE  CC— BAB  OF  CAST  COPPER. 
Original  mark:  No.  54.— Material:  Copper  cast  in  iron  mold.— Dimensions:  1=22".    6=1".    d=l". 


Load. 

Deflection. 

Set 

Modulus  of 

elasticity. 

PP 

4A6d« 

Load. 

Deflection. 

Set 

Modulus  of 

elasticity. 

PJ* 

4Ab&  . 

Pounds. 
13 

Inches. 
0.0025 
0.0046 
0.0098 
0.0165 
0.0240 
0.0370 
0.0620 
0.1120 

""'"6.2466"" 
0.4700 
0.80 

Inches. 

13,842.400 
13, 310, 000 
11, 680, 204 
11, 777, 333 
11,788,856 
10, 288, 270 
8,551,503 

Pounds. 
443 
493 
543 
593 
643 

Inches. 
1.22 
L68 
2.18 
2.90 

Inches. 

23 

43 

73 

93 

The  KTTDTtnrta  slid  from  under  the  bar  aa 

143 

it  bent  under  the  load.    The  piece  was  afterwards 
bent  by  pressure  at  the  ends  till  the  ends  touched 
without  Drenking. 
Breaking  load,  P=643  pounds. 
3   PI 

193 

243 

8 

0.0560 

293 

343 

Modulus  of  rupture,  R=g  ^=21,219. 

393 

TABLE  CCL— BAR  OF  CAST  COPPER. 


Original  mark:  No.  55.— Material:  C< 


cast  in  iron  mold.— Dimensions:  Length  between  supports. 
"  6=0.985".    Depth,  d=0.970". 


20 

0.0033 

.       0. 0075 

0.0176 

0.0224 

480 
500 
5 
540 
580 

0.4088 
0.4855 

40 

15, 792, 947 
13,459,739 
13,219,331 

£2,361,426 
11, 174, 068 
10,728,726 

80 

0.3619 

100 

0.6343 
.  0.  8378 

5 

0.0001 

140 

0.0337 
0. 0477 
0.0552 

Ruptured. 

180 

580 
680 
720 
800 
840 
860 

0.8653 

1.46 

1.74 

2.39 

2.85 

3.23 

200 

5 

0.0095 

240 

6.0674 
0. 0910 
0. 1176 
0.1663 
0.2057 

10,540,763 
9,  111,  146 

280 

320 

860 

Supports  slid  out 

Bar  font. 

400 

Breaking  load,  P=860  pounds. 
3  PI 

5 

0. 1114 

440 

0.2883 

Modulus  of  rupture,  R=0  ^j,  =30,621. 

TABLE  CCIL— BAR  OF  CAST  COPPER. 
Original  mark:  No.  56.— Material:  Copper  oast  in  iron  mold.— Dimensions:  (=22".  6=0.972".  4=0.955". 


40 

0.0088 
0.0191 
0. 0261 

"o.'oiei" 

0.0606 
0.0861 

14,293,526 
13, 170, 088 
12,048,347 

480 
500 
520 
540 
560 
580 
600 
620 
640 

1.30 
1.47 
1.65 
L81 
2.01 
2.21 
2.41 
2.66 
3.51 

80 

100 

5 

0.0048 

140 

9,739,155 
9, 839, 672 
7,308,964 

180 

200 

5 

0.0402 

240 

0.1392 
0.2247 
0.3628 
0.5397 
0.7752 

280 

Supports  slid  out. 

BbrbenA. 

320 

Breaking  load,  P=640  pounds. 
3   Pi" 

860 

400 

Modulus  of  rupture,  R  =g  -^-=28,824. 

5 

0.6702 

440 

L01 

28TH 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

Mechanical  Laboratory,  Department  op  Engineering,  Stevens  Institute  of  Technology. 

TABLE  CCIIL— BAB  OF  CAST  COPPER. 

Original  mark:  No.  57.— Material:  Lake  Superior  copper  oast  in  iron  mold.— Dimensions :  Length 
between  supports,  1=22".    £=1.010".    <f =1.010". 


Load. 

Deflection. 

Set. 

Modulus  of 

elasticity. 

PJ» 

4Abd» 

Load. 

Deflection. 

Set 

Modulus  of 

elasticity. 

Pl» 

4Aod» 

Pounds. 
10 

Inches. 

0.0068 
0.0099 
0.0148 
0.0232 
0.0280 

Inches. 

Pounds. 
600 
3 

Inches. 
L1248 

Inches. 

20 

5.168,758 
6, 914, 825 
8, 822, 534 
9, 137. 625 

o  osua 

40 

80 

3 

0.9832 
0.0008 

100 



3 

0.0084 

15  minutes. 
600            l- 148a 

150 

0.0401 
0.0538 
0.0680 
0.0889 
0.1193 
0.1670 

9.036,856 
9,511,283 
9,406,380 
8,633.976 
7, 506, 180 
6, 128, 228 

200 

620 
640 
680 
720 
760 
800 
820 

L22 
1.40 
1.75 
2.10 
2.48 
3.22 
3.77 

250 

800 

850 

400 

3 

0.0812 

420 

0.1908 
0. 2798 
0.4910 
0.5898 
0. 7110 
0.9913 

450 

Bent  without  breaking. 
Breaking  load,  P=820  pounds. 
3   PI 

500 

520 

540 

Modulus  of  rupture, K  =2  -^=26,271. 

580 

TABLE  CCIV.— BAR  OF  CAST  TIN. 

Original  mark :  No.  58.— Material:  Queensland  tin  cast  in  iron  mold.— Dimensions:  1=22".    5=1.038". 

d=1.023". 


10 

0.0082 

20 

0.0118 

3 

10 

0.0087 

20 

0  0129 

30 

0. 0173 

40 

0.0241 

50 

0.0333 

8 

60 

0.0502 

70 

0.0600 

80 

0.0859 

90 

0.1416 

100 

0.2109 

8 

100 

0.2U5  1 

0.0009 


0.0126 


0.1763 


5,754,991 


5,310,020 
5,635.593 
3,596.764 


Resistance  decreased  in  1  minute  to  70  pounds. 


Resistance  decreased  in  3  minutes  to  62  pounds. 
Resistance  decrease  1  in  8  minutes  to  56  pounds. 


100 
110 
120 
130 
130 
Cont'd 
1  min. 
140 
150 


0. 3033 
0.3827 
0.6403 
a  6091 

1.07 

1.36 


Ran  pressure-screw  down  slowly  till  de- 
flection was  more  than  3  inches ;  the  scale-beam 
vibrating  all  the  time  about  150  pounds. 

Bent  without  breaking. 

Breaking  load,  P=150  pounds. 

Modulus  of  rupture,  R=2  ^=4»  559. 


RECOBD  OF  TESTS  BY  TENSILE  STRESS. 

Mechanical  Laboratory,  Department?  of  Engineering,  Stbvenb  Institute  of  Technology. 

TABLE  CCV^-CAST  COPPER  (FLUXED  WITH  FLUOR  SPAR). 


Original  mark:  No,  51  A.-^Material : 


Copper  cast  in  hot  iron  mold,  fluxed  with  fluor  spar.— Dimen- 
:  Length,  6.12".    Diameter,  0.798". 


Load  per 
square 
inch- 

Elongation 
in    6.12 
inches. 

Set 

Elongation  in 
parts  of  orig- 
inal length. 

Fractured  section  elliptical. 
Diameters,  0.770  and  0.0780  inch. 
Tenacity  per  square  inch,  original  section,  14, 540 
pounds. 

Inches. 
6,980 

Inches-. 

0.01 

0.02 

0.03 

0.04 

0.06 

0.07 

0.09 

0.12 

0.16 
Broke  1  ii 

Inches. 

.0016 
.0033 
.0049 
.0065 
.0098 
.0114 
.0147 
.0196 
.0261 
end. 

Tenacity  per  square  inch,  fractured  section, 
15,412  pounds. 

8,480 
9,840 

10,700 
11,560 
11,800 
12,310 

13,560 

14,440 
14,540 

ich  from  C 
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RECORD  OP  TESTS  BY  TENSILE  STRESS— Continued. 

Mechanical  Laboratory,  Department  op  ExoniRERnfG,  Stevens  Ikbtitutb  of  Technology. 

TABLE  CCVL— CAST  COPPER  (FLUXED  WITH  FLUOR  SPAR). 

Original  mark:  No.  51  B.— Material:  Copper  east  in  hot  iron  mold  fluxed  with  flnor  spar.— Dimen- 
sions: Length,  6.19".    Diameter,  0.798". 


Load  per 

Elongation 

square 

in  6.10 

inch. 

mohes. 

Pounds. 

Inches. 

8,000 

0.01 

9,800 

0.02 

10,000 

0.03 

11,400 

a  07 

12,400 

0.11 

15,100 

0.17 

16,200 

0.23 

17,040 

0.26 

18,000 

0.30 

10,400 

0.86 

20,000 
0 

0.40 

20,400 

0.44 

20,440 
Broke  at  3 

0.46 

J  end. 

Bet 


Inches. 


a  40 


Elongation  in 
parts  of  orig- 
inal length. 


.0016 
.0032 
.0048 
.0113 
.0178 
.0275 
.0372 
.0258 
.0485 
.0581 
.0646 


.0710 
.0743 


Diameter  of  fractured  section.  0.763  inch. 

Tenacity  per  square  inch,  original  section,  20,440 
pounds. 

Tenacity  per  square  inch,  fractured  section, 
22,353  pounds. 

The  following  measurements  were  made  of  the 
diameter  of  the  piece  after  breaking : 

Inches. 

At  fractured  section 0.763 

i  inch  from  fractured  section 0. 765 

1  inch  from  fractured  seotion 0.766 

2  inches  from  fractured  section 0. 766 

3  inches  from  fractured  section 0.765 

4  inches  from  fractured  section 0.766 

4J  inches  from  fractured  section 0. 767 

5  inches  from  fractured  section 0. 768 

6  inches  from  fractured  section 0.768 

6}  inches  from  fractured  section 0.774 


TABLE  CCVIL-CAST  COPPER. 

Original  mark:  No.  52  A.— Material:  Copper  oast  in  iron  mold.— Dimensions :  Length,  5.95//.    Diame- 
ter, 0.798". 


Load  per    Elongation 
square        in  5.95 
.   inch.  inches. 


Set 


Elongation  in 
parts  of  orig- 
inal length. 


Load  per 
square 


Elongation 
in  5.05 
inches. 


Set 


Elongation  in 
parts  of  orig- 
inal length. 


Pounds. 

Inches. 

800 

0.0008 

1,800 

0.0012 

2,800 

0.0023 

3.700 

0.0037 

200 

4,000 

0.0049 

4,800 

0.0048 

200 

6,100 

0.0066 

7,100 

0.0080 

7,700 

0.0098 

200 

8,000 

0.0102 

8,950 

0.0129 

9,800 

0.0158 

200 

10,500 

0.0195 

Inches. 


0.0002 


.0001 
.0002 
.0004 
.0006 


0.0004 


.0007 
.0008 


0.0028 


.0011 
.0013 
.0016 


0.0084 


.0017 
.0022 
.0027 


.0038 


Inches. 

0.0272 
0.0815 


Inches. 


0.0373 
0.0439 


0.0232 


.0046 
.0053 


0. 0510 
0.0628 
0.0853 


0.0353 


.0063 
.0074 


Pounds. 

11,700 

12,000 

200 

12,400 

13,450 

200 

14,000 

14,850 

16,000 

200 

16,940 

Broke. 

Diameter  of  fractured  section,  0.775  inoh. 
Tenacity  per  square  inch,  original  section,  16,940 
pounds. 

Tenacity  per  square  inch,  fractured  section, 
17,956  pounds. 


0.0953 


0.0743 


.0106 
.0143 


.0160 
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RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

Mechanical  Laboratory,  Department  op  Engineering,  Stevens  Institute  of  Technology. 

TABLE  CCVUX-CAST  COPPER 

Original  mark :  No.  52  B.— Material:  Copper  cast  in  iron  mold.— Dimensions ;  Length,  5".    Diameter, 

0.798". 


Load  per 

square 
inch. 


Elongation 
in  5  inches. 


Set. 


Elongation  in 
parts  of  orig- 
inal length. 


Load  per 
square 
inch. 


I 


Elongation 
in  5  inches. 


Set. 


Elongation  in 
parte  of  orig- 
inal length. 


Pounds. 
1,200 
2,000 
4,000 
8,000 
8,800 
9,600 
10.400 
11,200 
12,000 
12,800 
13,600 
14,400 
15,200 
16,000 
16,800 


Inches. 

0.0018 
0.0024 
0.0028 
0.0050 
0.0068 
0.0100 
0.0180 
0.0284 
0.0467 
0.0658 
0.0932 
0.1250 
0.1607 
0.1984 
0.2347 


Inches. 


.0004 
.0005 
.0006 
.0010 
.0014 
.0020 
.0036 
.0057 
.0093 
.0132 
.0187 
.0250 
.0321 
.0397 


Pounds. 
17,600 
18,400 
200 
19,200 
20,000 
20,800 
21,200 
21,600 


Inches. 
0.2867 
a  3236 


Inches. 


.0571 
.6047 


.0750 
.0817 


.0916 


0.8122 
0.3752 
0.4088 
0.4402 
0.4582 
Broke  in  middle. 
Fractured  section  elliptical    Diameters,  0.715 
and  0.707  inch. 

Tenacity  per  square  inch,  original  section,  21,600 
pounds. 

Tenacity  per  square  inch,  fractured  section, 
27,204  pounds. 


TABLE  CCIX.— CAST  COPPEE. 

Original  mark:  No.  53  A.— Material:  Copper  cast  in  iron  mold.— Dimensions :  Length,  5".    Diameter 

0.798". 


Load  per 
square 
inch. 

Elongation 
in  5  inches. 

Set 

Elongation  in 
parts  of  orig- 
inal length. 

Diameter  of  fractured  section,  0.780  inch. 
Fractured  surface  spongy,  full  of  blow-holes. 
Tenacity  per  square  inon,  original  section,  18,800 
pounds. 

Pounds. 
12,800 
13,600 
14,400 
15,200 

Inches. 
0.0135 
0.0167 
0.0225 
0.0310 
0. 0421 
0.0535 
0.0664 
0.0744 
0. 0818 
Broke  1  inc 

Inches. 

.0027 
.0038 
.0045 
.0062 
.0084 
.0107 
.0133 
.0149 
.0163 
end. 

Tenacity  per  square  inch,  fractured  section, 
19,678  pounds. 

16,000 
16,800 
17,600 
18, 000 
18,400 
18,800 

h  from  A 

TABLE  CCX.^CAST  COPPER. 

Original  mark:  No.  58  B.— Material:  Copper  cast  in  iron  mold.— Dimensions:  Length,  5".   Diameter, 

0.798". 


Broke  at  9,200  pounds  per  square  inch.  The 
piece  bent  while  it  was  being  strained  so  that  the 
elongations  could  not  be  determined. 


The  piece  was  spongy  and  full  of  blow- 
throughout. 
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Mechanical  Laboratory,  Dbpartubkt  of  BHGnncxauro,  Stxvrxs  Instxtutb  of  Technology. 

TABLE  CCXL-OF  CAST  COPPER. 

Original  mark:  No.  57  A.— Material:  Copper  oast  in  iron  mold.— Dimensions:  Length,  5".    Diameter, 

0.798". 


Load  per 
square 
inch. 


Pounds. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

240 

9,000 

10,000 

11,000 

12,000 

240 

13,000 

14,000 

15,000 

16,000 

240 

17,000 


Elongation 

Set 

in  5  inches. 

Inches. 

Inches. 

0.0009 

0.0038 

0.0066 

0.0089 

0.0113 

0.0137 

a  0168 

0.0205 

0.0089 

0.0234 

0.0279 

0.0335 

0.0402 

0.0324 

0.0492 

0.0627 

0. 0798 

0.1041 

0.0964 

0.1277 

Elongation  in 
parts  of  origi- 
nal length. 


.0002 
.0008 
.0013 
.0018 
.0028 
.0027 
.0034 
.0041 


.0047 
.0056 
.0067 
.0080 


.0098 
.0125 
.0160 


.0255 


Load  per 
square 
inch. 


Pounds. 
18,000 
19,000 
20,000 

240 
21,000 
22,000 
23,000 
24,000 

240 
25,000 
26,000 


Elongation 
in  5  inches. 

Set, 

Inches. 
0.1507 
0.1806 
0.2122 

Inches. 

"aaioi" 

6."355i" 

0.2455 
0.2828 
0.3205 
a  3686 

0.4180 
0.4670 

Elongation  in 
parts  of  origi- 
nal length. 


.0301 
.0361 
.0424 


.0491 
.0566 
.0641 
.0737 


.0934 


Broke  in  middle. 

Diameter  of  fractured  section,  0.738  inch. 

One  elliptical  blowhole  in  fractured  surface. 
Diameters,  0.48  and  0.08  inch. 

Tenacity  per  square  inch,  original  section, 
28.000  pounds. 

Tenacity  per  square  inch,  fractured  section, 
30,398  pounds. 


TABLE  CCXIL— CAST  COPPER. 

Original  mark:  No.  57  B.— Material;  Copper  cast  in  iron  mold.— Dimensions:  Length,  5".    Diameter, 

0.798". 


Load  per 
square 
inch. 


Elongation 

Set. 

in  5  inches. 

Inches. 

Inches. 

0.0004 

0.0032 

0.0064 

0.0093 

0. 0116 

0.0144 

0.  0170 

0.0201 

......       ... 

0.0037 

0.0227 

0.0263 

0.0321 

a  0371 

6.0253 

0.0428 

0.0485 

0.0554 

0.0652 

0.0583 

Elongation  in 
parts  of  origi- 
nal length. 


Load  per 
square 
inch. 


Elongation 
in  5  inches. 

Set 

Inches. 
0.0779 
0.0951 
0. 1142 
0.1388 

Inches. 

0.2933' 

a  1702 
0.2028 
0.2444 
0.3020 

""  6."3585"' 

Elongation  in 
parts  of  origi- 
nal length. 


Pounds. 

1,000 

2,000 

8,000 

4,000 

5,000 

6,000 

7,000 

8,000 

240 

9,000 

10,000 

11,000 

12,000 

240 

13,000 

14,000 

15,000 

16,000 

240 


.0001 
.0006 
.0013 
.0019 
.0023 
.0029 
.0034 
.0040 


.0045 
.0053 
.0064 
.0074 


.0086 
.0097 
.0111 
.0130 


Pounds. 
17,000 
18,000 
19,000 
22,000 

240 
21, 000 
22, 000 
23,000 
24,  GOO 

240 
25,000 
26,000 
29,820 


.0156 
.0190 
.0228 
.0278 


.0340 
.0406 
.0489 
.0004 


.0717 
Measuring  apparatus  slipped. 
Broke  2  inches  from  B  end. 


Diameter  of  fractured  section,  0.724  inch. 

Tenacity  per  square  inch,  original  section, 
29,820  pounds. 

Tenacity  per  square  inch,  fractured  section, 
36,217  pounds. 
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RECORD  OP  TESTS  BY  TENSILE  STRESS— Continued. 

Mechanical  Laboratory,  Department  of  Engineering,  Stevens  Ikstttutb  or  Technology. 

TABLE  CCXUL— QUEENSLAND  TIN,  CAST. 

Original  mark:  No.  68  A.— Material:  tin  oast  in  iron  mold.— Dimensions:  Length,  5".    Diameter, 

0.798". 


Load  per 
square 
inch. 


Elongation 

Set. 

in  5  inches. 

Inch**. 

Inches. 

0.0002 

0.0027 

a  0081 

0.0175 

0.0159 

0.0309 

0.0433 

0.0517 

a  0630 

0.0745 

6.0756 

0.0860 

is  per  sqnai 

re  inch  1 

Elongation  in 
parts  of  origi- 
nal length. 


Load  per 
square 
inch. 


Elongation 
in  5  inches. 


Set. 


Elongation  in 
parts  of  origi- 
nal length. 


Pound*. 

400 

600 

800 

1,000 

240 

1,200 

1,400 

1,600 

1,800 

2,000 

240 

2,000 


.00004 
.0005 

;0016 

.0035 


.0062 
.0086 
.0103 
.0126 
.0149 


.0172 


14  minutes,  elongation  increasing  as  follows : 
Minutes. 


0.1070 
0.1156 
0.1298 
0.1437 
0.1580 
0.1709 


Minutes. 
7 
8 
9 
10 
11 
12 
13 
14 


Inches. 
0.1861 
0.1997 
0.2176 
0.2328 
0.2490 
0.2687 
0.2929 
0.3311 


Pound*. 


Resistance  reduced  to  1,700  pounds  per  square 
inch,  and  a  crack  was  observed  on  one  side. 

l,7001bs.   I        0.3610    I I  .0722 

1  min.     I       0.4315    | |  .0863 

Resistance  decreased  gradually,  and  piece  broke 
2  inches  from  A  end. 

The  fractured  surface  had  an  irregular  boundary 
nearly  elliptical;  two  diameters  measured  0.580 
and  0.685  inch. 

Tensile  strength  per  square  inch,  original  sec- 
tion, under  slow  strain,  2,000  pounds. 

Total  time  of  test,  30  minutes. 


TABLE  CCXIV.-QTJEENSLAND  TIN,  CAST. 

Original  mark:  No.  58  B.— Material:  tin  oast  In  iron  moid.— Dimensions :  Length,  5".    Diameter, 

0.798". 


Load  per 
square 
inoh. 


Elongation 
inSinohes. 


Set 


Elongation  in 
parts  of  origi- 
nal length. 


Load  per 
square 
inch. 


Elongation 
in  5  inches. 


Set. 


Elongation  in 
parts  of  origi- 
nal length. 


Pounds, 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 


Inch**. 

0.0005 
0.0029 
0.0051 
0.0108 
0.0184 
a  0293 
0.0394 
0.0484 
0.0566 


Inch**. 


0.0557 


.0001 
.0006 
.0010 
.0022 
.0037 
.0059 
.0079 
.0097 
.0113 


Pounds. 

2,000 


Inch**. 


.0126 


Inches. 
a  0631 
8tress  kept  oonstant  for  2  minutes. 

1  min.     I       0.0724    | I  .0145 

2  min.     I       0.0821    '  |  .0161 

Increased  stress  rapidly  for  1  minute,  and  piece 

broke  at  3,520  pounds  per  square  inch. 

Total  time  of  test,  8  minutes. 

Diameter  of  fractured  section,  0.542  inoh. 

Tensile  strength  per  square  inch,  original  sec- 
tion, under  rapid  strain,  8,520  pounds. 
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TESTS  BY  TORSIONAL  STRESS  OF  EXTRA  PIECES  OF  COPPER  AND   TIN. 

Calculated  from  the  Autographic  Strain  Diagrams. 

Mechanical  Laboratory,  Department  of  Engineering,  Stevens  Institute  of  Technology. 

TABLE  CCXV.— LAKE  SUPERIOR  COPPER. 


No. 

Area  of 
diagram. 

Angle  of 
torsion. 

Maximum 
ordinate. 

Ordinate 

at  elastic 

"limit 

Maximum 
torsional 
moment 

Torsional 
moment  at 

elastio 

limit 

Extension 

of  exterior 

fiber. 

Resilience. 

Sq.  inches. 

0 

Inches. 

Inches. 

Ft. pounds. 

FLpounds. 

Ft. pounds. 

51  A... 

6.90 

128 

0.65 

0.18 

87.19 

32.00 

0.2196 

165.65 

B... 

21.18 

135 

1.90 

0.70 

134.38 

52.94 

0. 2418 

263.58 

C... 

10  58 

168.5 

0.80 

0.35 

104.81 

51.96 

0.8582 

24a  74 

D... 

5.29 

113 

a  85 

0.20 

110.68 

34.84 

0. 1747 

129.81 

52  A... 

13.16 

185 

1.05 

0.15 

134.17 

28.47 

0.4206 

304.75 

B... 

a  75 

109 

0.96 

0.42 

100.78 

43.64 

0.1634 

199.97 

D... 

15.63 

170 

1.20 

0.27 

124.97 

3L22 

0.3637 

35.J.53 

53  A... 

7.58 

82 

LIS 

0.35 

119.93 

39.28 

0.0954 

170.88 

B... 

2.72 

47 

0.80 

0.35 

84.65 

89.28 

0.0323 

64.65 

C... 

2.70 

40 

0.80 

0.40 

84.65 

44.82 

0.0235 

62.91 

D... 

2.70 

39 

0.85 

0.40 

89.69 

44  32 

0.0224 

62.72 

57  A... 

4.29 

72 

0.70 

0.20 

74.57 

24.16 

0. 0743 

80.49 

B... 

15.44 

160 

L15 

0.50 

119.93 

54.41 

0.3272 

282. 76 

C... 

7.84 

98 

0.95 

0.40 

99.77 

44.32 

0.1339 

144.75 

D... 

9.35 

115 

LOO 

0.30 

104.81 

34.24 

0.1804 

172.49 

TABLE  CCXVL-QUEENSLAND  TIN. 


58  B... 
C... 
D... 

84.78 
65.55 
28.00 

619 
818 
637 

0.65 
0.95 
0.60 

0.20 
0.25 
0.20 

11.73 
16.84 
10.88 

4.08 
4.93 
4.08 

2.5211 
3.5722 
2.6154 

176.21 
291.04 
15&  20 

RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS. 


TABLE  CCXVTX— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No. 31. —Material:  Alloy.— Original  mixture:  97.5  Cu,  2.5  Sn.— Analysis :  99.09  Cu, 
0.87  Sn.— Dimensions :  Length,  2".    Diameter,  0.625". 


Load. 


Pounds. 

150 

2,000 

4,000 

6,000 

8,000 

10,000 

12,000 

14,000 


Comprec 
sion. 


Inches. 

.0000 
.0018 


.0609 
.1077 
.1662 
.2601 


Load  per 
square 
inch. 


Pound*. 


6,519 
13,038 
19,557 
26,075 
82, 595 
89,114 
45,633 


Compression  in  ' 
parts  of  orig-  ji 
inn!  length.       ; 


.0009 
.0046 
.0151 
.0305 
.0539 
.0831 
.1300 


Load. 


Pounds. 
16,000 
18,000 
20,000 
22,000 
24,000 
25,000 


Compres- 
sion. 


Inches. 
.3951 
.5176 
.6156 
.7266 
.8483 
.8801* 


Load  per 
square 
inch. 


Pounds. 
52,152 
58,671 
05,188 
71,709 
78,228 
81,485 


Compression  in 
parts  of  orig- 
inal length. 


*  "Wedge  cracked  off  at  the  top. 


.1975 
.2588 
.3078 
.3683 
.4242 
.4400 


CCXVUX— ALLOY  OF  COPPER  AND  TIN, 

Original  mark:  No.  82.— Material:  Alloy.— Original  mixture:  92.5  Cu,  7.5  Sn.— Analysis :  94.11   Cu, 
5.43  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


150 

.0000 

22,000 

.4584 

71,709 
78,228 

.2292 

2,000 
4,000 

.0000 

6,519 

24,000 

.5151 

.2575 

.0000 

13,038 

26,000 

.5778 

84,747 

.2889 

6.000 

.0002 

19,567 

.0001 

28,000 

.6393 

91,266 

.3197 

8,000 

.0108 

26,075 

.0054 

30,000 

.7000 

97,780 

.3500 

10,000 

.0511 

32,595 

.0255 

,  32,000 

.7499 

104,303 

.3749 

12,000 

.1219 

39,114 

.0609 

34,000 

.8033 

110,822 

.4016 

14,000 

.1987 

45,633 

.0968 

1  36,000 

.8447 

117, 341 

.4223 

10,000 

.2648 

52,152 

.1324 

38,000 

.8918 

123,860 

.4469 

18,000 

.3310 

58,671 

.1655 

10,000 

.9330 

130,379 

.4665 

20,000 

.3951 

65,188 

.1975 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Con tiuued. 

Mechanical  Laboratory,  Department  of  Engineering,  Stevens  Institute  of  Technology. 

TABLE  CCXIX.— ALLOY  OP  COPPEB  AND  TIN. 

Original  mark:  No.  33.— Material :  Alloy.— Original  mixture:  87.5  Cn,  12.5  Sn.— Analysis:  88.40  Co, 
11.59 Sn. — Dimensions:  Length,  2".    Diameter,  0.625". 


Load. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  origi- 
nal length. 

Load. 

I 

i 
Pounds. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  orig- 
inal length. 

Pound*. 

lnehet. 

Pounds. 

Inches. 

Pounds. 

150 

.0000 

24,000 

.3234 

78, 228 

.1617 

4,000 

.0014 

i3,038 

.0007 

26,000 

.3575 

84,747 

.1783 

6,000 

.0058 

10, 557 

.0029 

28,000 

.4019 

91, 266 

.2009 

8,000 

.0170 

26, 075 

.0085 

30,000 

.4412 

97,785 

.2206 

10,000 

.0374 

32, 595 

.0*87 

32,000 

.4815 

104, 303 

.2407 

12,000 

.0711 

39, 114 

.0355 

34,000 

.5171 

110, 822 

.2585 

14,000 

.1166 

45,633 

.0553 

36,000 

.5534 

117, 341 

.2767 

16,000 

.1636 

52, 152 

.0818 

38,000 

.5905 

123,860 

.2952 

18,000 

.2102 

58,671 

.1051 

40,000 

.6234 

130, 379 

.3117 

20,000 

.2564 

65,188 

.1282 

42,000 

.6611 

136,898 

.3305 

22,000 

.2901 

71,709 

.1495 

44,000 

.6911 

143, 417 

.3455 

TABLE  CCXX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 34.— Material :  Alloy.— Original  mixture:  82.5  Cu,  17.5  Sn.— Analysis:  82.72  Cu, 
17.33  Sn.— Dimensions':  Length,  2".    Diameter,  0.625''. 


150 

.0000 

32,000 

.2111 

104,303 

.1055 

10,000 

.0005 

32, 595 

.00025 

'  34,000 

.2381 

110,822 

.1190 

12,000 

.0044 

89,114 

.0022 

i  36,000 

.2704 

117, 341 

.1352 

14,000 

.0107 

45,633 

.0053 

38,000 

.3088 

123,860 

.1544 

16,000 

.0174 

52, 152 

.0087 

40,000 

.3396 

130, 379 

.1698 

18,000 

.0268 

58,671 

.0134 

42,000 

.3821 

136,  898 

.1910 

20,000 
22,000 

.0408 

65,188 
71, 709 

.0204 

44,000 

(•\ 

143. 417 

.0626 

.0314 

24,000 

.0872 

78,228 

.0436 

*  A  wedge-shaped  piece  slid 

r>ff  at  the  top,  and 

26,000 

.1123 

84,747 

.0561 

a  piece  cracked  off  at  the  hot 

torn;  it  was  also 

28,000 

.1464 

91, 268 

.0732 

cracked  badly  at  the  middle. 

30,000 

.1766 

97,785 

.0883 

TABLE  CCXXI.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  85.— Material :  Alloy.— Original  mixture:   77.5  Cu,  22.5  Sn.— Analysis :  77.56  Cu, 
22.25  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


150 

.0000 

i 
34,000 

.0447 

110,822 

.0223 

14,000 

.0009 

45, 633 

.00045 

36,000 

.0614 

117, 341 

.0307 

16,  000 

.0029 

52, 152 

.00145 

.  38,000 

.0807 

123,860 

.0403 

18,000 

.0045 

58,671 

.00225 

1  40,000 

.1006 

130,  379 

.0503 

20.000 

.0070 

65,188 

.  0035 

42,000 

.1212 

136,898 

.0606 

22,  000 

.0092 

71,  709 

.0046 

1  44,000 

.1537     .      143,417 

.0768 

24,000 

.  0120 

78,228 

.0060 

,  46,000 

.2027    j      149,932 

.1013 

26,  000 

.0155 

84,747 

.0077 

j 

28,000 

.0190 

91, 266 

.0095 

1      The  specimen  was  cracked  fl 

little  at  the  ton. 
9  capacity  of  the 

30,000 

.0200 

97,785 

.0130 

Had  to  stop  on  account  of  th 

32,000 

.0342 

104,303 

.0171 

maohine. 

TABLE  CXXIL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No. 43.— Material:  Alloy. ^-Original  mixture:  37.5  Cu,  62.5  Sn.- 
62.9  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


-Analysis:  37.10  Cu, 


Load. 

Compres- 
sion. 

Load   per 
square 
inch. 

Compression  in 
parts  of  orig-  . 
Inal  length. 

*  The  bottom  of  the  specimen  all  crumbled  away. 

Pounds. 
150 

Inches. 
.0000 
.0051 
(*) 

Pounds. 

i 
1 

2,000 
4.000 

6,519 

.0025 

1 
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RECOED  OF  TESTS  BY  COMPRESSIVE  STRES8— Continued. 

Mechanical  Laboratory,  Department  of  Engineering,  Stevens  Institute  of  Technology. 

TABLE  CCXXIU.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 44.— Material:  Alloy.— Original  mixture:  32.5  Cu, 62.5  Sn.— Analysis:  30.76  Cn, 
69. 19  Sn.— Dimensions :  Length,  2".    Diameter.  0.625". 


Load. 

Compres- 
sion. 

Load   per 
square 
inch. 

Compression  in 
parts  of  origi- 
nal length. 

Broke  by  a  wedge-shaped  piece  sliding  off  of  the 
top ;  the  bottom  cracked. 

Pounds. 
150 

Inehe$. 
.0000 
.0010 
.0081 
Lifted  the 
beam. 

Pounds. 

3,000 
4,000 
5,000 

9,778 
13,038 
16,297 

.0005 
.0040 

TABLE  CCXX1Y.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No. 45.—- Material :  Alloy.— Original  mixture:  27.6  Co, 72.5 Sn.— Analysis :  26.62  Cn, 
73.18  Sn.— Dimensions :  Length,  2".    Diameter,  0.625". 


150 
2,000 
3,000 
4,000 
5,000 


.0000 
.0019 
.0062 
.0182 
Lifted  the 


6,519 
9,778 
13,038 
16,297 


.00095 

.0031 

.0091 


Crashed  by  having  a  wedge-shaped  piece  slide 
out  of  the  middle  of  the  specimen. 


TABLE  CCXXV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 46.-zMaterial :  Alloy.— Original  mixture:  22.5 Cu, 77.6 Sn.— Analysis:  22.10 Cn, 
77.58  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


150 
1,000 
2,000 
3,000 
'4,000 
5,000 


.0000 
.0028 
.0057 
.0103 
.0227 
Lifted  the 
beam. 


3,259 
6,519 
9,778 
13,038 
16,297 


,0014 
.0028 
.0051  I 

.0118 


Broke  by  wedge-shaped  pieoe  sliding  off  the 
specimen  near  the  bottom. 


TABLE  CCXXVL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No. 47.— Material :   Alloy.— Original  mixture:  17.5  Co,  82.5  Sn.— Analysis :  16.70  Cn, 
83.23  Sn.— Dimensions :  Length,  2".    Diameter,  0.625' . 


150 
1,000 
2,000 
3,000 


.0000 

.0006 

.0051 

Lifted  the 

beam. 


3,259 
6,519 
9,778 


.0003 
.0025 


The  specimen  crashed  by  having  a  wedge-shaped 
piece  slide  out  at  the  middle. 
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RECORD  OF  TESTS  BY  COMPRESSIVE  8TRESS— Continued. 

Mechanical  Laboratory,  Department  op  Enginkerxxo,  Stevens  Institute  of  Technology. 

TABLE  CCXXVTL— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No. 48. —Material:  Alloy.— Original  mixture:  12.5  Co,  87.5  Sn.— Analysis :  11.68  Co, 
88.25  Sn.— Dimension* :  Length,  2".    Diameter,  0.625". 


Load. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  origi- 
nal length. 

The  specimen  was  broken  by  having  a  wedge- 
shaped  piece  slide  off  at  the  top  and  at  the  bottom. 

Pounds. 

150 

Inches. 
.0000 
.0009 
.0176 
.0611 
Lifted  the 
beam. 

Pounds. 

1,000 
2,000 
3,000 
4,000 

3,258 
6,519 
0,778 

.00045 

.0088 

.0305 

TABLE  CCXXVUL-CAST  COPPEB. 
Original  mark :  No.  51 B.— Material :  Cast  copper.— Dimensions :  Length,  2".    Diameter,  0.625". 


Load. 


Compres- 
sion. 


Load  per 
square 
inch. 


Compression  in 
parts  of  origi- 
nal length. 


Load. 


Compres- 
sion. 


Load  per 
square 
inch. 


Compression  in 
parts  of  origi- 
nal length. 


Pounds. 
150 
4,000 
6,000 
8,000 
10, 000 
12, 000 
14,000 
16,000 
18,000 


Inches. 

.0000 
.0006 
.0089 
.0573 
.1560 
.2568 
.3602 
.4489 
.5511 


Pounds. 


13,038 
19, 557 
26, 075 
32,595 
39, 114 
45,633 
52, 152 
58,671 


.0003 
.0044 
.0286 
.0780 
.1284 
.1801 
.2244 
.2756 


Pounds.     Inches.  Pounds. 

20,000          .6461  65,188  .3230 

22,000          .7295  71,709  .3647 

24, 000          .  7936  78, 228 

26,000          .8619  84,747  .4309 

28,000          .9258  91,266  .4679 

30,000          .9783  97J85  .4891 

92,000        L0308  104^03  .5154 

Specimen  did  not  show  any  cracks,  but  merely 
flattened  down. 


TABLE  CCXXIX.-CAST  COPPEB. 
Original  mark:  No.  52.— Material:  Cast  copper.— Dimensions:  Length,  2".    Diameter,  0.625". 


150 

0.0000 

18,000 
20,000 

.5770 

58  671 

.2885 

6,000 

.0041 

19,557 

.0020 

.6815 

65,188 

.3408 

8,000 

.0805 

26,075 

.0153 

22,000 

.7665 

71,709 

.3833 

10,000 

.1372 

32,595 

.0680 

24,000 

.7025 

78,228 

.3962 

12,000 

.2375 

39,114 

.1186 

26,000 

.9025 

84,747 

.4512 

14,000 

.8547 

45,633 

.1773 

28,000 

.9828 

91,266 

.4814 

16,000 

.4737 

52,152 

.2368 

TABLE  CCXXX.-CAST  COPPEB. 
Original  mark:  No.  53.— Material :  Cast  copper.— Dimensions:  Length,  2".    Diameter,  0.625". 


150 

.0000 

18,000 
1  20.000 

.3194 

58,671 
65,188 

.1597 

4,000 

.0060 

13,038 

.0030 

.4029 

.2014 

6,000 

.0148 

19,557 

.0074 

|  22,000 

.4991 

71,709 

.2495 

8,000 

.0485 

26,075 

.0242 

1  24,000 

.5893 

78, 228 

.2946 

10,000 

.0851 

32,595 

.0425 

26,000 

.6853 

84,747 

.3426 

12,000 

.1285 

89,114 

.0642 

I  28,000 

.7542 

91,266 

.3871 

14,000 

.1777 

45,633 

.0888 

1  Mi*!00 

.8244 

97,785 

.4122 

16,000 

.2411 

52, 152 

.1205 

Flattened  down  without  showing  any  cracks. 

PHOTOGRAPHS  OF  FRACTURES 
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8D. 
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# 
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PLATE  No.  2. 
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i&c. 
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20C. 
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211  Tremont  Street,  Boston. 


PLATE  No.  3. 


27c. 
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29D. 
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24B. 
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211  Tremont  Sirect,  Boston. 


PLATE  No.  4. 
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PLATES   I-XXI. 


GRAPHICAL  REPRESENTATIONS 


OF   THE 


PROPERTIES  OF  COPPER-TIN  ALLOYS. 
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PLATE 


PLATE 


PLATE 


PLATE 


PLATE 
PLATE 
PLATE 


I.— Tests  bt  Transverse  Stress. 

Modulus  of  Rapture  in  Pounds. 
Modulus  at  Elastic  Limit  in  Pounds 
,  Total  Deflection  in  Inches. 

U.— Tests  by  Tensile  Stress.  * 

Tensile  Strength  in  Pounds  per  Square  Inch  of  Original  Section. 
Tensile  Strength  in  Pounds  per  Square  Inch  of  Fractured  Section. 
Tensile  Strength  at  the  Elastic  Limit. 
1  Total  Elongation  in  Parts  of  Original  Length. 

IH.— Tests  by  Torsional  Stress. 

Maximum  Torsional  Moment  in  Foot-Pounds. 
Torsional  Moment  at  Elastic  Limit  in  Foot- Pounds. 
Resilience  in  Foot-Pounds. 
1  Extension  of  Exterior  Fiber  in  Parts  of  Original  Length, 

IV.— Tests  by  Compressive  Stress. 

Crushing  Strength  in  Pounds  per  Square  Inch. 
j  Total  Compression  at  Maximum  Load  in  Parts  of  Original  Length. 


V.— Mean  Specific  Gravity. 


1 


VI.— Variation  of  Analyses  from  Original  Compositions. 

VII.— Comparison  of  Transverse,  Tensile,  Torsional,  and  Compressive  Resistances. 
Transverse  Modulus  of  Rupture  in  Pounds. 
Tensile  Strength  in  Pounds  per  Square  Inch  of  Original  Section. 
Crushing  Strength  in  Pounds  per  Square  Inch. 
\  Maximum  Torsional  Moment  in  Foot-Pounds. 

Vm.— Comparison  of  Transverse,  Tensile,  and  Torsional  Resistances  [Scale Enlarged]. 
Transverse  Modulus  of  Rupture  in  Pounds. 
Tensile  Strength  per  Square  Inch  of  Original  Section. 
1  Maximum  Torsional  Moment  in  Foot-Pounds. 

IX  —Ductility  as  Shown  by  Transverse,  Tensile,  and  Torsion  Tests. 
Total  transverse  Deflection  in  Inches. 
Tensile  Elongation  in  Puts  of  Original  Length. 
Torsional  Elongation  of  Exterior  Fibers  in  Parts  of  Original  Length. 
X.— Resilience  under  Transverse  and  Torsional  Stresses. 
>  XI.— Moduli  of  Elasticity  from  Transverse  Tests. 
\XIL— Specific  Gravity— Authorities  Compared. 

Authorities :  United  States  Board,  Riche,  Mallet,  Calvert  and  Johnson. 
\  Xm.— Tenacity— Authorities  Compared. 

Authorities :  United  States  Board,  Mallet. 
^  XIV.— Heat  and  Electric  Conductivity. 

Heat  Conductivity — Calvert  and  Johnson.    . 
1  Electric  Conductivity— Matthiessen. 

XV.— Hardness,  Malleability,  Ductility,  Fusibility. 

Order  of  Hardness— Mallet,  Calvert  and  Johnson. 
Order  of  Malleability— Mallet. 
Order  of  Ductility— Mallet. 
Order  of  Fusibility— Mallet. 

RECORDS  OF  INDIVIDUAL  TESTS. 
i 
PLATE     XVI.— Deflections  by  Transverse  Stresses.    First  Series  of  Tests. 
PLATE  /  XVII.— Deflections  by  Transverse  Stresses.    Second  Series  of  Tests. 
PLATE  XVIII.— Elongations  by  Tensile  Stresses.    First  Series  of  Tests. 
PLATE  »  XIX.— Elongations  by  Tensile  Stresses.    Second  Series  of  Tests. 
PLATE    *  XX.— Compressions  by  Compressive  Stresses.    First  Series  of  Tests. 
PLATE    *XXI.— Compressions  by  Compressive  Stresses.    Second  Series  of  Tests. 
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PLATE 
PLATE 

PLATE 

PLATE 
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KEY  TO  PLATES  OF  FAC-SIMILE  AUTOGRAPHIC  STRAIN-DIAGRAMS. 
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Number  of  plate. 
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Vertical  scale  of  tor- 
sional momenta. 

Equivalent  scale  for  a 
standard  specimen, 
1"  long  x  .625"  diam. 
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Key  to  plates  of  fac- simile  autographic  strain-diagrams — Continued. 
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Number  of  plate. 
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Vertical  scale  of  tor- 
sional moments. 
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standard  specimen, 
1"  long  x  .625"  diam. 
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c 

...   do 

D 

...  do 

82  A 

.     do                        

B 

LV                           

c 

LVI 

D 

do     

88  A 

LVII               

B 

do                                  .  .. 

c 

..  do       

D 

LVIII   

84  A 

do 

B 

..    do                               

c 

do                            

D 

...  do                                 

85  A 

.  do                                          

B 

do      

c 

do                           

I) 

..  do                                

86  A 

LIX 

11.103 
26.150 
11.276 

0.4404 

B 

do 

L0376 

87  A 

....do 

a  447 

B 

do 

38  A 

....do 

11.103 
12.196 
12.793 
12.591 
12.591 
12.793 
13.004 
11.630 
12.005 
1L276 

0.4404 

B 

...do 

0.484 

89  A 

....do 

0.5074 

40  A 

...  do 

0.5 

B 

....do 

0.5 

41  A 

....do 

0.5074 

B 

....do 

0.516 

42  A 

....do 

0.461 

B 

....do 

0.476 

c 

....do 

a  447 

43  A 

do 

B 

do 

c 

do 

D 

do 

44  A 

LX 

B 

do 

c 

do 

D 

do 

45  A 

c 

do 

do 

D 

do 

46  A 
B 

do 

....do 
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Key  to  plates  of  fac-simile  autographic  strain-diagrams — Continued. 


1 

Number  of  plate. 

i 

I 

! 

Vertical  scale  of  tor- 
sional momenta. 

Equivalent  scale  for  a 
standard     specimen, 
1"  long  x  .626"  diam. 

I 

111 

to 

U 

M. 

If 

c 

TiX 

Inth*. 

0.625 

ii 

u 

M 
II 
II 
II 
II 
II 
II 
It 
It 

17.06 

ii 
it 
ii 
ii 
it 
ii 
*t 
ii 
it 
it 
it 
ii 
it 
it 

it 
117.44286 
67.86 
117.44296 

ii 
100.81 

ii 
it 
it 
ii 
ii 
ii 

17.011 
ii 

it 

1.146 

ii 

ii 
it 

it 
ii 
it 
it 
ii 
ii 

it 

it 

it 
ii 

10.856 

5.442 

10.855 

4 
it 
ii 
it 
ii 
ii 

it 
ii 

0.675 
ii 

it 

D 

....do 

47  A 

....do 

B 

do 

c 

do 

D 

do 

48  A 

LXT tt.. 

B 

....do 

c 

....do 

D 

....do 

49  A 

....do 

B 

LXTT 

c 

....do 

D 

LXTTT. 

50  A 

LXTV 

B 

LXV 

c 

LXVI 

D 

lxvti 

61  A 

T.TTVIJU ,  r-- 

■* 

B 

....do 

c 

JVTTX r    

D 

do 

62  A 

do 

B 

LXX 

D 

...  do 

58  A 

T.YXT 

B 

....do 

c 

....do 

D 

57  A 

LXXI1 

B 

do 

c 

T.TYTTT    

ll 

....do 

68B 

lxxiv 

c 

LXXV 

i 

D 

LXXVI  , 

i 

i 
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AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

[  Incorporated  1852.  ] 

NOTE  ON  THE  RESISTANCE  OF  MATERIALS. 

A  paper  by  Prof.  Robert  H.  Thurston,  Member  of  the  Society.    Read  November  17, 1875. 

November  19, 1873,  I  had  the  pleasure  of  presenting  to  the  society  a 
note  (subsequently  published  in  "  Transactions  "*)  in  which  I  made 
known  the  discovery  of  an  increased  power  of  resisting  stress  which  was 
developed  in  iron  and  steel,  by  their  subjection  to  a  strain  which  pro- 
duced distortion  beyond  the  elastic  limit  and  gave  them  a  set.  This 
was  more  fully  considered  in  a  paper  read  April  4, 1874,  t  and  the  phe- 
nomenon more  thoroughly  examined  in  its  bearings  upon  the  practical 
work  of  the  engineer,  and  the  experimental  researches  by  which  its 
nature  had  been  revealed  were  described.  Subsequently  Commander 
L.  A.  Beardslee,  U.  S.  N.,  discovered  the  same  principle  independently 
and  by  a  different  method  of  experiment,  and  since  the  republication 
of  these  facts  in  foreign  periodicals,  experimenters  in  Europe  have  an- 
nounced the  observation  of  similar  phenomena  under  identical  or  sim- 
ilar conditions. 

The  writer,  since  the  announcement  of  this  important  peculiarity  in 
the  behavior  of  metals,  has  made  a  very  large  number  of  experiments 
upon  irons,  steels,  and  on  various  alloys,  as  well  as  other  simple  metals, 
and  upon  many  qualities  of  each.  The  Mechanical  Laboratory  of  the 
Stevens  Institute  of  Technology  has  been  called  upon  to  test  large  num- 
bers of  specimens  of  commercial  qualities  of  nearly  every  kind  of  metal 
used  as  a  material  of  construction,  and  these  often  furnished  opportuni- 
ties to  pursue  the  investigation.  The  special  work  now  in  progress 
under  the  direction  of  the  United  States  board  recently  appointed  to 
test  iron,  steel,  and  other  metals,  has  been  particulary  useful  in  permit- 
ting the  examination  of  the  behavior  of  the  copper-tin  alloys. 

The  results  of  observation,  so  far  as  the  experience  of  the  writer  has 
now  extended,  may  be  briefly  summarized  as  follows: 

In  iron,  an  elevation  of  the  elastic  limit  very  generally  occurs  under 
stress,  to  a  marked  degree.  It  is  very  variable  in  maximum  amount, 
and  in  the  time  required  to  produce  it.  Some  metals  exhibit  it  to  an  al- 
most imperceptible  extent  after  long  exposure  to  strain ;  other  irons  ex- 
perience a  great  increase  in  their  power  of  resistance  to  stress  within 
the  new  elastic  limit,  and  its  development  may  sometimes  be  the  result 
of  but  a  very  brief  period  of  exposure  to  the  action  of  that  molecular  re- 
arrangement which  seems  to  be  the  cause  of  this  phenomenon.  The 
maximum  increase  noted  by  the  writer  is  about  30  per  cent.,  and  the  time 
required  for  its  development  has  sometimes  not  exceeded  a  half  min- 

*LXI.  Note  on  the  Resistance  of  Materials;  R.  H.  Thurston.    Vol.  II,  page  239. 
t  LXXXII.  On  the  Mecliauical  Properties  of  Materials  of  Construction ;  K.  H.  Thurs- 
ton.   Vol.  Ill,  page  1. 
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ute;  in*  other  cases,  the  elevation  of  the  elastic  limit  has  been  scarcely 
perceptible  after  several  days. 

In  steel,  the  same  variation  in  the  amount  and  in  the  time  needed  for 
its  development  has  been  noticed. 

In  the  various  other  metals  and  in  the  alloys,  this  action  has  not  been 
found  to  occur  in  any  case  where  the  material  was  inelastic;  on  the  con- 
trary, it  has  been  found  that  inelastic  metals — particularly  tin  and  metal- 
lic alloys  of  similar  mechanical  properties — have,  when  exposed  to  con- 
stant stresses  exceeding  their  so-called  elastic  limits,  gradually  and  con- 
tinuously yielded  by  a  process  of  flow  which,  in  some  instances,  was 
observed  to  proceed  uninterruptedly  for  days  together,  and  would  appar- 
ently have  continued  until  fracture  ensued,  could  the  experiment  have 
been  carried  to  that  extent. 

These  experiments  have  ledthe  writer  to  suppose,  as  intimated  in  the 
paper  referred  to,  that  the  force  of  cohesion  and  that  force  which  gives 
stability  of  form  to  solids  and  distinguishes  them  from  liquids — a  force 
called  by  Professor  Henry  "  polarity v — are  quite  distinct  modes  of 
molecular  action.  Some  materials,  as  the  stronger  of  the  ductile  metals, 
exhibit  great  cohesion,  and  yet  may  flow  under  the  action  of  a  constant 
force,  as  in  the  cases  last  referred  to  above;  while  others — for  example, 
over-hardened  steel — may  have  great  polarity,  and  consequently  great 
stability  of  form,  while  exhibiting  a  relatively  low  power  of  cohesion. 

It  is  in  metals  which  belong  to  the  latter  class,  rather  than  in  those  of 
the  former  character,  that  the  elevation  of  the  elastic  limit  by  strain  is 
observed.  The  explanation  already  proposed,  that  this  apparent  increase 
of  resisting  power  is  really  a  consequence  of  the  relief  of  internal  stresses 
due  to  methods  of  manufacture,  or  to  circumstances  which  have,  by  ex- 
ternal application  of  force,  prevented  such  a  molecular  arrangement  of 
particles  as  would  naturally  take  place,  still  seems  to  the  writer  the  most 
satisfactory  explanation.  The  close  relation  of  this  action  to  that  ob- 
served by  Professor  Johnson  thirty  years  ago,  and  illustrated  by  the 
process  termed  by  him  ik  thermo-tension,"  has  been  pointed  out  on  a 
former  occasion. 

During  the  two  years  which  have  elapsed  since  the  first  announce- 
ment of  the  phenomenon  of  the  elevation  of  the  elastic  limit  by  strain, 
a  large  mass  of  valuable  data  has  been  accumulated,  which  may  at  some 
future  time  be  collated.  In  no  case,  in  the  whole  range  of  these  re- 
searches, has  any  indication  been  observed  of  a  reduction  of  resisting 
power  during  the  distortion  of  metal  between — on  the  one  hand — the 
passing  of  the  elastic  limit,  and — on  the  other  hand — the  point  at  which 
incipient  rupture  commences. 

Conclusions. — The  writer  is  therefore  led  to  conclude  that  the  simple 
extension  or  straining  of  any  member  of  any  metallic  structure  is  not 
a  cause  of  weakness,  except  where  it  produces  an  actual  reduction  of 
section  resisting  rupture,  or  where  it  brings  the  line  of  stress  into  a  new 
direction,  in  which  it  acts  either  with  a  larger  component  of  force  in  the 
former  direction  of  stress,  or.  as  in  the  case  of  a  reflexure  of  the  metal, 
it  takes  the  material  at  disadvantage  strategetically,  after  a  new  disposi- 
tion of  its  particles  has  taken  place. 

The  conclusion  seems  also  proper,  that  the  elevation  of  the  elastic 
limit  by  strain  can  only  occur  in  metals  which  are  elastic,  and  are  capa- 
ble of  being  placed  in  a  condition  of  reduced  resisting  power  by  internal 
stress  by  artificial  or  external  force. 

Finally,  the  conclusion  has  been  arrived  at,  that  structures  are  not 
weakened  by  stresses  exceeding  the  elastic  resisting  power  of  their  mem- 
bers, whatever  the  material  of  which  they  are  composed;  and  even  when 
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made  of  metals  having  no  elasticity  and  capable  of  yielding,  like  tin,  by 
flow,  unless  such  strains  as  are  produced  are  productive  of  actual  molec- 
ular disruption. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

[Incorporated  1852.] 

NOTE  ON  THE   RESISTANCE   OF   MATERIALS,  AS   AFFECTED  BY  FLOW 
AND  BY  RAPIDITY  OF  DISTORTION. 

A  paper  by  Prof.  Robert  H.  Thurston,  Member  of  the  Society.    Presented  March  1, 1876. 

The  effect  of  the  "flow  of  metals"  and  of  the  force  of  polarity  de- 
scribed by  Professor  Henry,  in  modifyiug  their  resistance  to  external 
stress  and  their  strain,  was  alluded  to  by  the  writer  in  preceding  Trans- 
actions, as  follows  :* 

The  same  molecular  movement  or  flow  which  rearranges  the  internal  force  and 
relieves  internal  strain  may  be  a  phase  of  that  viscosity  which  Vicat  supposed  might 
in  time  permit  rupture  of  metal  subjected  to  stress  nearly  approaching  its  original 
ultimate  resistance,  the  one  action  being  a  more  immediate  result  than  the  other,  and 
the  latter  producing  its  effect,  even  when  cohesive  force  may  have  been  actually  in- 
tensified. 

It  was  noted,  however,  that  in  all  cases  in  which  wrought  iron  and 
steel  had  been  subjected  to  stress  exceeding  the  elastic  limit  the  metal 
had  exhibited  no  tendency  to  flow,  and  that,  in  nearly  every  case  ob- 
served, an  actual  "elevation  of  the  elastic  limit  by  strain"  had  taken 
place.  No  experiment  had  then  been  made  by  the  writer  in  which  the 
same  sample  had  exhibited  both  the  elevation  of  the  elastic  limit  by 
strain  and  the  phenomenon  of  flow. 

Since  that  time?  when  experimenting  upon  copper,  strain-diagrams 
produced  automatically  have  been  observed  to  exhibit  this  double  effect. 
The  elevation  of  the  elastic  limit  has  occurred  in  the  earlier  part  of  the 
test,  and,  at  a  later  period,  the  strain-diagram  exhibits  flow,  the  metal 
yielding  under  a  gradually  decreasing  stress.  The  progressive  distor- 
tion, which  had  never  been  observed  by  the  writer  in  iron  or  steel,  has, 
since  the  date  of  the  paper,  been  frequently  noted  in  other  materials. 
For  example,  the  following  are  a  few  illustrations :  t 

TESTS  BY  TORSION, 


1 

Material  parts. 

Time  under 
stress. 

Angle  of 
torsion. 

FallofpeneiL 

Bemarks. 

I 

Tin. 

Copper. 

*1 

40  honrs  . . 

1  hour  ... 

2  hours  . . 
12  minutes 

o 

*     65 
180 
280 
t380 

0.06  inches.. 
0.1  inch.... 
0.1  inch.... 
50  per  cent.. 

*2 
*3 

100 

Recovered  in  8°. 
Recovered  in  80°. 

4 

ft 

99.44 
98.89 

0.56 
1.11 

Did  not  recover. 
Behaved  like  No.  4. 

a 

Allov. 

58 

0.2  inches.. 

Did  not  recover. 

*  Same  piece. 


t  Taking  elasticity  line. 


*  LXXXII.  On  the  Mechanical  Properties  of  Materials  of  Construction.  Vol.  Ill, 
page  13. 

t  Selected  from  the  record  books  of  the  Mechanical  Laboratory  of  the  Stevens  Insti- 
tute of  Technology. 
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TESTS  BY  TRANSVERSE  STRESS— WITH  DEAD  LOADS. 

Samples  1  x  1  x  22  inches. 


1 

Material  parts. 

Load. 

Deflection. 

Time. 

Increased  de- 
flection. 

BTeafclnx 

Tin. 

Copper. 

weight. 

7 

100 
98.1 

92.8 
90. 

9.7 
Lll 

Pounda. 
600 
475 
500 
950 
950 
1,485 
100 
120 
140 
140 
140 
100 
160 
160 
160 

90 
120 
120 
120 
120 

80 

Jnehe$. 
0.534 
1.762 
2.108 
0.348 
0.395 
8.447 
0.085 
0.140 
0.221 
0.319 
0.357 
1.294 
1.320 
2.320 
8.320 
0.  243 
0.736 
1.791 
2.539 
8.134 
0.218 

5  minutes 

3  minates 

3  minotes 

5  minutes 

5  minutes 

13  minates 

10  minutes 

10  minates 

10  minutes 

10  minutes 

40  hours 

Inches. 
0.009 
0.291 
0.488 
0.081 
0.021 
4.087 
0.021 
0.055 
0.098 
0.038 
0.920 
0.025 
LOOO 
1.000 
1.000 
0.063 
L055 
0.748 
0.595 
6.000 
0.064 

PiMCMds. 

65*) 

8 

L9 

7.2 

10. 

90.3 

08.89 
100 

9 

10 

500 

1,350 

u 

1,485 

10  minates 

1  day 

lday 

1  day 

169 

12 

5  minutes 

15  minates 

30  minutes 

45  minates 

12  hoars 

"""isu 

13 

5  minutes 

110 

Metals  having  a  composition  intermediate  between  these  extremes 
have  not  been  observed  to  exhibit  flow  or  to  increase  deflection  under  a 
constant  load. 

Tests  by  tension  with  similar  materials  exhibit  similar  results,  and 
these  observations  and  experiments  thus  seem  to  confirm  the  remarks 
of  the  writer  as  above  quoted,  and  to  indicate  that,  under  some  condi- 
tions, the  phenomena  of  flow  and  of  elevation  of  the  elastic  limit  by 
strain  may  be  coexistent,  and  that  progressive  distortion  may  occur 
with  "viscous"  metals. 

The  paper  referred  to  enunciated  a  principle  which  had  been  deduced 
from  experiments  on  wrought  iron,  which  is,  if  possible,  of  more  vital 
importance  to  the  engineer  than  the  facts  just  given,  viz:  "That  the 
time  during  which  applied  stress  acts  is  an  important  element  in  deter- 
mining its  effects,  not  only  as  an  element  which  modifies  the  effect  of 
the  vis  viva  of  the  attacking  mass  and  the  action  of  the  inertia  of  the 
piece  attacked,  but  also  as  modifying  seriously  the  conditions  of  pro- 
duction and  relief  of  internal  strain  by  even  simple  stresses."* 

It  was  then  shown,  by  autographic  strain-diagrams,  that  some  mate- 
rials yield  the  more  readily  the  more  rapidly  the  distortion  and  rupture 
are  produced,  their  resistance  varying  in  some  inverse  ratio  with  the 
rapidity  of  chauge  of  form.  It  was  further  suggested  that  this  action 
might  be  closely  related  to  the  opposite  phenomenon  of  the  elevation  of 
the  elastic  limit  by  strain.  An  explanation  was  offered  in  the  theory 
that,  with  rapid  distortion,  insufficient  time  is  allowed  for  the  relief  of 
internal  strain  in  materials  capable  of  exhibiting  that  condition.  It  was 
further  remarked  that  "  the  most  ductile  substances  may  exhibit  simi- 
lar behavior,  when  fractured  by  shock  or  by  any  suddenly-applied  force, 
to  substances  which  are  comparatively  brittle,"  and  illustrations  were 
given  of  such  behavior,  and  the  precautions  to  be  taken  by  the  engineer, 
in  view  of  this  important  modification  of  the  resistance  of  materials  by 
velocity  of  rupture,  were  stated. 

The  writer  has  continued  his  experimental  researches,  with  occasional 

*  Vol.  HI,  page  30. 
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interruption,  since  that  time,  and  has  found  the  above-given  statements 
confirmed,  and  that  relations  exist  between  these  phenomena  of  strain 
and  the  time  under  stress,  which  may  properly  be  stated  here  as  comple- 
mentary of  the  principles  already  published  in  the  two  preceding  notes 
which  have  appeared  in  Transactions.* 

Should  it  be  true,  as  suggested  by  the  writer,  that  the  cause  of  the 
decreased  resistance,  sometimes  observed  with  increased  velocity  of  dis- 
tortion, is  closely  related  to  the  cause  of  the  elevation  of  the  elastic  limit 
by  strain,!  it  would  seem  a  simple  corollary  that  materials  so  inelastic, 
and  so  viscous  as  to  be  incapable  of  becoming  internally  strained  during  dis- 
tortion, should  offer  greater  resistance  to  rapid  than  to  slowly-produced  dis- 
tortion, in  consequence  of  their  inability  to  "  flow"  so  rapidly  as  to  reduce 
resistance  by  such  fluxion  at  the  higher  speed,  or  by  correspondingly 
reducing  the  fractured  section.  This  principle  has  been  shown,  by  a 
large  number  of  experiments,  to  be  frequently,  if  not  invariably,  the  fact. 
Copper,  tin,  and  other  inelastic  and  ductile  metals  and  alloys  are  found 
to  exhibit  this  behavior,  and  are  therefore  quite  opposite  in  this  respect 
to  ordiuary  wrought  iron  and  worked  steel. 

The  writer  has  noted  the  fact  that  very  soft  wrought  iron  does  not 
always  exhibit  an  observable  elevation  of  the  elastic  limit  by  strain,  and 
Commander  L.  A.  Beardslee,  U.  8.  N.,$  has  recently  observed  that  the  soft- 
est and  most  ductile  specimen  of  iron  yet  tested  by  him  at  the  Washing- 
ton Navy  Yard  exhibited  a  perceptible  increase  of  resistance  with  a  con- 
siderable increase  of  rapidity  of  extension.  This  metal  was  peculiar  in 
its  softness  and  extreme  extensibility.  All  the  irons  of  commerce  appear 
to  belong  to  the  other  class. 

The  records  of  the  Mechanical  Laboratory  of  the  Stevens  Institute  of 
Technology  frequently  illustrate  the  proposition  that  metals  which  gradu- 
ally yield  under  a  constant  load  offer  increased  resistance  with  increased 
rapidity  of  rupture. 

The  curves  of  deflections  of  a  considerable  number  of  ductile  metals 
and  alloys  are  very  smooth  when  the  time  during  which  each  load  has 
been  left  upon  them  is  the  same;  but  whenever  that  time  has  been  vari- 
able the  curve  has  been  irregular.  Bars  of  such  metals  broken  by  trans- 
verse stress  give  a  greater  resistance  to  rapidly-increasing  stress  than  to 
stress  slowly  intensified.  Two  pieces  of  tin  from  the  same  bar  were 
broken  by  tension,  the  one  rapidly  and  the  other  slowly.  The  first  broke 
under  a  load  of  2,100  and  the  latter  of  1,400  pounds.  The  example  illus- 
trates well  the  very  great  difference  which  is  possible  in  such  cases,  and 
seems  to  the  writer  to  indicate  the  possibility  in  extreme  cases  of  obtain- 
ing results  which  may  be  fatally  deceptive  when  the  time  of  rupture  is 
not  noted. 

The  depression  of  the  elastic  limit  has  been  observed  previously  in 
materials,  but  less  attention  has  been  paid  to  it  than  the  importance  of 
the  phenomenon  would  seem  to  demand.  The  accompanying  plate  ex- 
hibits the  strain-diagrams  produced  by  plotting  the  results  of  experi- 
ments^ They  are  selected  as  typical  examples,  and  as  representing  the 
two  classes  of  materials  described. 

In  making  the  experiments  the  bar  was  mounted  on  cylindrical  steel 
bearings,  which  were  themselves  supported  on  accurately  planed  level 
surfaces,  and  the  deflection  was  produced  by  means  of  a  powerful  screw 
and  a  large  hand- wheel.    The  weight  was  measured  by  a  Fairbanks  scale 

#XLI.    Vol.  II.  page  239.    CXV.    Vol.  IV,  page  334. 
t  Transactions,  Vol.  Ill,  page  363. 
t  Whose  work  has  been  referred  to  in  earlier  papers. 

$  Made  and  recorded  in  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Tech- 
nology. 
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combination,  and  the  deflections  and  sets  by  a  special  measuring  appa- 
ratus* which  reads  to  0.0001  inch,  with  an  error  of  0.000741.  Touch  is 
indicated  by  a  delicate  Stackpole  level.  The  measuring  instrument  was 
unaffected  by  the  forces  tending  to  distort  the  straining  apparatus.  The 
deflecting  force  was  adjusted  by  the  scale-beam.  The  bar  being  in  place, 
the  weight  to  be  put  on  it  was  set  off  on  the  scale-beam,  and  the  screw 
was  carefully  turned  until,  by  its  pressure  on  the  middle  of  the  bar,  the 
scale-beam  slowly  rose  and  vibrated  about  the  middle  of  its  range,  which 
point  was  indicated  by  a  pointer  at  the  end  of  the  beam,  traversing  a 
fine-line  scale  on  the  frame.  When  the  adjustment  had  become  satis- 
factory the  deflection  was  read  off  and  the  beam  usually  released,  in 
order  that  the  set  might  be  observed.  It  was  then  again  deflected  by  a 
heavier  weight.  Occasionally  the  bar  was  left  thus  strained,  and  with  a 
constant  deflection,  for  a  considerable  period  of  time,  and  the  change  of 
effort  exerted  by  it  noted  at  frequent  intervals.  In  all  such  cases  the 
scale  beam  gradually  drooped,  and  a  decreased  effort  to  effect  restora- 
tion of  form  was  indicated.  When  the  beam  had  fallen,  the  weight  was 
pushed  back  until  the  beam  arose  and  vibrated  about  the  center  line 
again,  and  the  weight  and  time  were  recorded.  This  was  repeated  as 
the  beam  exhibited  less  and  less  loss  of  power  of  restoration,  and  when 
this  decrease  of  effort  no  longer  exhibited  itself  a  new  series  of  deflec- 
tions was  produced. 

The  bar  No.  599,  which  was  quite  ductile,  exhibited  an  unchanged  law 
of  relation  of  amount  of  deflection  to  intensity  of  deflecting  force,  and, 
as  shown  by  the  diagram,  the  curve  representing  its  test  pursued  the 
same  general  direction  after  one  of  these  "  time-tests"  as  before. 

The  loss  of  effort  at  163  pounds  is  seen  to  have  been  about  20  pounds, 
the  deflection  amounting  to  0.0347  inch,  and  the  effort  falling  from  163 
to  143  pounds.  At  403  pounds  the  loss  of  restorative  force  is  about  the 
same;  the  figures  fall  from  403  to  333  pounds,  the  deflection  being  held 
constant  at  0.0886  inch,  again  from  333  to  302  pounds  at  a  deflection  of 
0.0890,  and  still  again  from  1,233  to  1,137  pounds  at  a  deflection  of  0.5209 
inch. 

Before  the  bar,  under  further  deflection,  had  quite  regained  its  original 
resisting  power,  the  "  time-test"  was  repeated,  the  deflection  amounting 
to  0.5456  inch,  and  the  weight  applied  being  1,233  pounds.  The  result 
noted  was  quite  unanticipated.  The  effort  steadily  decreased  at  a  vary- 
ing rate,  which  is  indicated  by  the  diagram  of  time  and  loads,  and  the 
bar  finally  snapped  sharply,  and  the  two  halves  fell  upon  the  floor.  The 
effort  had  decreased  to  911  pounds.  The  deflection  was  precisely  what 
it  had  been  under  the  load  of  1,233  pounds.  The  beam  had  balanced  at 
911  pounds  for  about  three  minutes  when  the  fracture  took  place.  An 
assistant  was  sitting  fifteen  or  twenty  feet  from  the  machine  at  the  in- 
stant, but  no  one  had  approached  the  machine  after  the  last  adjustment 
of  the  weight. 

This  is  a  case  without  parallel  in  the  experience  of  the  writer,  and  its 
conclusion  indicates  a  possibility  of  depreciation  in  resisting  power  of  the 
class  of  metals  of  which  tin  has  been  taken  as  the  type,  which  deprecia- 
tion, in  the  present  state  of  our  knowledge  of  the  properties  of  such 
metals  in  this  regard,  it  may  be  safest  to  assume  to  be  a  source  of  danger 
in  some  cases  in  which  the  load  approaches  the  maximum  resisting  power 
of  the  piece.  This  illustrates  the  case  of  progression  of  flow  until  the 
section  most  strained  has  been  weakened  to  the  point  of  actual  molecular 
disruption,  which  disruption  would  seem  to  have  been  here  produced  by 
the  effort  of  other  and  less  injured  portions  to  resume  their  original 

#Made  to  the  order  of  the  writer,  by  Messrs.  Brown  &  Sharpe. 
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positions,  and  to  straighten  the  two  halves  of  the  bar.  It  would  seem 
that  such  action  should  be  determined  by  flow  occurring  in  a  somewhat 
ductile  but  still  somewhat  elastic  metal. 

The  strain-diagram  of  this  bar  is  seen  to  be  nearly  hyperbolic;  but 
the  law  of  Hooke,  ut  tensio  sic  vis,  holds  good,  as  usual,  up  to  a  point  at 
which  the  load  is  about  one-half  the  maximum.  The  curve  of  times  and 
loads  exhibits  the  rate  of  loss  of  effort  while  the  bar  was  finally  held 
at  a  deflection  of  0.5466  inch,  the  load  being  carefully  and  regularly  re- 
duced as  the  effort  diminished  from  1,233  to  911  pounds,  at  which  latter 
figure  the  bar  broke.  The  curve  is  a  very  smooth  one.  The  following 
is  the  record  of  the  test: 

BAB  No.  509. 


80  parts  line,  10  parts  copper:  1  x  0.902  X  22  inches. 

Load. 

Deflection. 

Set. 

Load. 

Deflection. 

Set. 

Load. 

Deflection. 

Set 

Pounds. 
23 

Inch**. 
0.0088 
0.0078 
0.0127 
0.0226 
0.031 
0.0347 
ace  fell  in  IS 
0.0847 

Inchss. 

Pound*, 

868 

408 

8 

408 

Inches. 
0.0781 
a  0881 

Indus. 

Pounds. 

3 

648 

803 

1,008 

1,108 

1,208 

1,233 

Res 

to  1,137 

8 

1,137 

1,288 

Inchss. 

Inches. 
0.0886 

43 

0.1641 
0.2140 
0. 8178 
0.3921 
0.481 
0.6209 
Lstanoe  fell  1 
0.6209 

68 

0.0070 

103 

O.OMM 

148 

Resistance  fell  in 
to  333    1        0.0886 

8h.  30  m. 

1«3. 
Besiata 

h.26m. 

8 
883 

0.0246 

to  143 

0.0806 

8 

0.0089 

ResfetaaeA  fall  f 

nl5h. 

163 

a  0891 
0.0471 
0.0544 
0.0611 
0.0602 

to  802 
808 
408 
603 
608 

0.0806 
0.0876 
0.1072 
0.1282 
0.1521 

0.2736 

208 

0.5131 
a  5456 

248 

288 

828 

The  bar  was  left  under  strain  llh  22m  a.  m.9  and  the  effort  to  restore 
itself  measured  at  intervals,  as  follows: 

flouB.— llh  37m;  llh50m,  a.  m.;  12h2m;  12*  8m;  12h25m;  12h  39Jm: 
12h  53Am#  12h  58Am-  lh  20111  p.  m. 

Effort.— 1,133}'  1,093}  1,070-  1,063;  1043;  1,023;  1,003;  993;  911 
pounds. 

At  lh  23m  p.  m.  the  bar  broke. 

An  example  of  somewhat  similar  behavior,  but  exhibited  by  a  metal 
of  very  different  quality,  is  shown  on  the  next  page. 

This  bar  was  hard,  brittle,  and  elastic,  but  must  apparently  be  classed 
with  tin  in  its  behavior  under  either  continued  or  intermitted  stress. 

There  seems  to  the  writer  to  exist  a  distinction,  illustrated  in  these 
cases,  between  that  "flow"  which  is  seen  in  these  metals,  and  that  to 
which  has  been  attributed  the  relief  of  internal  stress  and  the  elevation 
of  the  elastic  limit  by  strain  and  with  time. 

This  last  phenomenon — the  exaltation  of  the  elastic  limit  by  strain — 
has  been  observed  very  strikingly  by  the  writer  in  the  deflection  of 
iron  bars  by  transverse  stress.  The  plate  exhibits  the  strain-diagrams 
obtained  by  transverse  deflection  of  4  bars  of  ordinary  merchant  wrought 
iron,  which  were  all  cut  from  the  same  rod.  Of  these,  two  were  tested 
in  the  machine  above  described,  in  which  the  deflection  remains  con- 
stant when  the  machine  is  untouched  while  the  load  gradually  decreased, 
or,  more  properly,  while  the  effort  of  the  bar  to  regain  its  original  form 
decreases.  The  other  two  were  tested  by  dead  loads,  the  load  remain- 
ing constant  while  the  deflection  may  vary  when  the  apparatus  is  left 
to  itself.    (The  record  is  given  on  pages  11-14.)# 

*  Pages  462-464  of  this  report 
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BAR  No.  596. 
75  parts  sine,  25  parts  copper;  second  casting;  0.985  X  0.985 X  22  inches. 


Load. 

Deflection. 

Set. 

Load. 

Deflection. 

Set. 

Load. 

Deflection. 

Set. 

Pounds. 
23 

Inches. 
0.0057 
0. 0142 
0.0207 
0.0275 
0.0346 
0.0414 
0.0485 
0.0549 
0.0610 
0.0669 

Inehet. 

Poundt. 
423 
463 
503 
8 
503 

Inehet. 
0.073 
0.0799 
0.0866 

Inehet. 

Poundt. 

to  473 
3 
503 
643 
583 
603 
623 
643 
663 

Indus. 
0.0866 

Inches. 

63 

0L0092 

103 

0.0894 
0.0952 
0.1012 
0.1042 
0.1075 
0. 1102 

A  11M 

143 

0.0014 

183 

n  ofiflfl 

............ 

223 

Resistance  fell] 
to  489    l       o.ofiftfl 

n5h.        *" 

263 

303 

3 
489 

0.0074 

843 

AAftflft 

............ 

383 

Resist**"*  fall  in  13  h.  90  m. 

ing  sound. 

These  two  pairs  of  specimens  were  broken;  one  in  each  set  by  add- 
ing weight  steadily  until  the  end  of  the  test,  so  as  to  give  as  little  time 
for  elevation  of  elastic  limits  as  was  possible;  and  one  in  each  set  by 
intermittent  stress,  observing  sets,  and  the  elevation  of  the  elastic 
limit. 

If  the  long-known  effects  of  cold-hammering,  cold-rolling,  and  wire- 
drawing in  stiffening,  strengthening,  and  hardening  some  metals  can 
be,  as  the  writer  is  inclined  to  believe,  attributed  in  part  to  this  molecu- 
lar change,  as  well  as  to  simple  condensation  and  closing  up  of  cavi- 
ties and  pores,  this  exaltation  of  the  elastic  limit  by  distortion  under 
externally  applied  force  has  now  been  shown  to  occur  in  iron  and  in 
metals  of  that  class  in  tension,  torsion,  compression,  and  under  trans- 
verse strain. 

Beferring  to  the  plate,  it  will  be  seen  that  there  is  exhibited  the  action 
in  the  latter  case  even  more  fully  and  strikingly  than  in  the  record 
above  given,  and  a  study  of  these  typical  examples  cannot  fail  to  prove 
both  interesting  and  instructive. 


TESTS  OF  WROUGHT-IRON  BARS  BY  TRANSVERSE  STRAIN. 

Samples  1  inch  square,  28  inches  long:  22  inches  between  supports. 

No.  648.— TESTED  IN  FAIRBANKS'  MACHINE. 


Deflection. 


Set. 


Deflection. 


Set. 


Deflection. 


See. 


Poundt. 
103 


Inehet. 


Inehet. 
0. 0132 
0. 0244 
Resistance  fell  in  13  h.  35  m. 

to     199    I       0.0244    I 

303  0.0342     

403    |        0.0428    I 

Resistance  fell  in  1  h.  30  m. 


to     899 

3 

503 

603 

Resistance 

to      598    | 

803 


0.0428 


0.0528 
0.0619 
fell 
0.0619 
0.0806 


0.0042 


in    4     h. 


to 


Resistance  fell  in  15  h.  15  m. 


789 

903 

1,003 


0.0806 
0.0907 
0.0995 


Resistance  fell  in  5  h.  20  m. 


987 
8 

1,203 
3 

1,208 


0.0995 


0.1197 


0.121 


0.0049 


0.0071 


Poundt.       Inehet. 
Resistance     fell 


Inches. 
in     2     h. 


to  1,187 
3 

0.121 

1,203 

'     0.1226 

1,243 

0.1266 

1.288 

0.1301 

1,323 

0. 1354 

1,741 

0. 7081 

1,911 

0.7246 

1,921 

3 

1,921 

0.7566 

0. 7746 

0.5746 


Resistance  fell  in  21  h.  48  m. 


to  1,767 
3 
1,767 
1,931 
1,995 
2,001 
8 
2,001 


0.7746 


0.7726 
0. 7876 
0.8036 
0.8266 


0.6028 


0.6451 


0  8498 
Resistance  fell  in  21  h.  30  m. 

to  1,831    j        0.8498    I 

8     0.6780 


Poundt. 
1,831 
2,003 
2,071 
2,081 
3 
2,081 


Inches. 

0.8471 
0.8641 
0.8819 
0.9396 


Inches. 


0.9886 


a  7576 


Resistance  fell  in  21  h.  89  i 

to  1,871 

8 

1,911 

2,083 

2,121 

2,131 

8 

2,131 

1,363 

1,403 

3 

1,403 

Resistance    fell     in     8     : 

tol  387    |       0.1522    | 

Resistance  fell  in  2  h.  25. 
to  1,361    i       0.1522    | 


0.9886 

"*0l8U8" 

0.9904 
1.0106 
L0498 
1.0911 

a  9021 

L1316 
0. 1421 
0.1604 

"bVoisi"" 

0.1522 
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TESTS  OF  WROUGHT-IRON  BARS  BY  TRANSVERSE  STRAIN— Continued. 


Load. 


Deflection, 


Pounds.       Inches.         Indus. 
Resistance  fell  in  89  h.  5  m. 


Set. 


to  1,329 
3 
1,329 
1,403 
1,483 
1,523 
1,563 
1,603 
3 
1,603 


0.1522 


0. 1451 

0.1522 

0.16 

0.1647 

0.1761 

0.2548 


0.287 


0.0246 


0.1091 


Resistance  fell  in  6  h.  8  m. 


0.287 


0.2863 
0.3016 
0.3921 


0. 1451 


to  1,457 

3 
3,457 
1,603 
1,703 

3 
1, 703  0. 4301 

Reistanoe  fell  in  20  h.  50  m. 
to  1, 541    I        0. 4301 

3      

1,541    |        0.4296 
Resistance  fell  in  47  h.  37  m. 


0.2431 


to  1,869 

3 
1,941 
2,131 
2,181 
2,201 
2,211 

3 

Resisi 

to  1,997 

3 
2,001 
2,211 
2,231 
2,237 

3 
2,241 


1.1316 


1.1358 
1. 1551 
1.1686 
1.1981 
1.2356 


nee     fell 
L2356 

1.3016 
1.3326 
1.3656 
1.3936 

0.2846 


0.958 


1.0361 
in     9     h. 


1.4441 


1.1158 


1,1946 


Resistance  fell  in  13  h.  50  m. 


to  2,041 
3 
2,041 
2.241 
2,281 
2,301 
2,311 
3 
2,311 


1.4441 

"l.'442i" 
1.4631 
1.4821 
1.5216 
1.5531 


1.6166 


Resistance  fell  in 
to  2, 091    I       1.6166 
3     


1.2538 


1.3436 


8  h.  8  m. 


1.4181 


Load. 


Pounds. 
2,091 
1,608 
1,711 
1,753 
1,781 


Deflection. 


Inches. 
1.6166 
0.4346 
0.4456 
0.4518 
0.4651 


Set 


Inches. 


Resistance  fell  in  6  h.  3  m. 


to  1,661 
3 
1,675 
1.7K7 
1,811 
8 
1,811 


0.4651 


0.4676 
0.4808 
0.5446 


0.5661 


a  8106 


0.8771 


in    46    m. 


in    17    h. 


a  4081 


Resistance    fell 
to  1,675    |        0.5661 

Resistance     fell 
tol,661 
3 

1,661 

1,801 

1,861 

1,877 

1,891 
3 

1,891 

Resistance     fell 
to  1.801    |       0.7001 

Resistance    fell 
to  1,737    I        0.7001 

Resistance  fell  in  5  h.  23  m. 


0.5661 

""""0.'5045* 
0.578 
0.5886 
0.6034 
0.6626 

""6."7ooi" 

0.4988 


in     10     a. 


t 


to  1,721 
3 
2,311 
2,341 
2,351 
3 
2,351 


0.7001 

i.6466" 
1.6996 
L7321 


2.0446 


Resistance     fell     in    16    h. 


2.0446 


2.0431 
2.0646 
2.0736 
2.1136 


1.8441 


to  2, 135 
8 

2,135 

2,355 

2,391 

2,411 
3 

2, 411  2. 1451 

Resistance  fell  in  8  h.  85  m. 
to2.23H    |       2.1451    | 

Gradually    reduced    strain 

to    3*  |      |      1.9266 

Gradually  increased  strain 


0.5406 


1,5196 


1.8964 


to  2, 238* 
2,411 
2,491 


2.1336 
2.1516 
2.1811 


Load. 


Pounds. 

2,501 

8 

2,501 


Deflection. 


Inches. 
2.2121 


2.2471 


Set 


Indus. 


L9886 


Resistance  fell  in  14  h.  10  m. 
102,295 

8 
2,295 
2,541 
2,561 

3 
2,561 


Resistance  fell  in  6  h.  18  m. 


2.2471 

"iosSi"" 

2.2456 
2.2762 
2.3102 

*  2.6763" 

2.35 

Resistance  fell  in  8  h.  2  m. 


2.653 

""2.6532*" 
2.6833 
2.6992 
2,7307 

"i'4227"" 

*  "2*4987" 

2.8324 

knee  fell  in  f 

(1  h.  82  m. 

to  2, 371 

8 
2,871 
2,631 
2,651 
2  661 

3 
2.661 
Resist 
to  2, 863 

8 
2,863 
2,685 
2,701 
2,710 
2,720 

3 
2,720 
Resist 
to  2, 488 


Bar  removed:  teat  ended. 


2.8324 

2.5924  * 

2,8286 

2.8627 

2,871 

2,8917 

2.9297 

2.647 

19692 

roce  fell  in 

2.9692 

"  "2*7857"" 

*  Gradually  rednced  strain  to  3  pounds,  taking  a  number  of  readings ;  tben  gradually  increased  it  to 
2,238  pounds,  taking  readings  corresponding  to  former  ones;  found  that  increase  of  deflection  was  pro* 
portion*!  to  increase  of  load. 

No.  649.— TESTED  IN  FAIRBANKS'  MACHINE. 


Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Deflection. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

103 

0.0139 

900 

0.0889 

1,462 

0.1505 

In  2\  m.  1 

ras  0.3629 

200 

0.0238 

1,000 

0.0982 

1,480 

0.1569 

1,620 

0.8704 

800 

0.0328 

1,100 

0.1081 

1,500 

0.1619 

1,640 

0.3881 

405 

0. 0425 

1,200 

a  1171 

1,520 

0.1709 

In  6    m.  1 

ras  a  4404 

500 

0. 0519 

1,300 

0.1279 

1,540 

0.1804 

1,660 

0.4479 

600 

0.0602 

1,400 

0.1398 

1,560 

0.2078 

ol,680 

0.4599 

700 

0.0689 

1,420 

0.1435 

1,680 

0.2429 

800 

0.0787 

1,442 

0.1472 

al,600 

0.2854 

2,350 

6.577 

a  At  1,600  pounds  the  beam  sank  instantly ;  ran  the  pressure-screw  down  so  as  to  keep  the  beam  bal- 
anced for  2}  m..  with  increase  of  deflection  as  noted. 

b  At  l,680,ran  pressure-screw  rapidly  but  steadily  down,  moving  the  poise  along  the  beam  to  keep  it 
balanced.  The  beam  vibrated  up  and  down,  falling  or  rising  instantly  as  the  wheel  was  turned  slower 
or  faster.    The  resistance  reached  a  maximum  of  2,850  pounds,  when  the  deflection  was  5.577  inches. 
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No.  650.— TESTED  BY  DEAD  LOADS. 


Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Dcflectkn. 

Pounds. 
100 
200 

Inches. 
0.015 
0.0229 

Pounds. 
400 
600 

Inches. 
0.0425 
0.0638 

Pounds. 

800 

1,200 

Inches. 

0.0858 
0.1456 

Pounds. 
1,400 

01,500 

Inches, 

6.1749 
a  2143 

o  At  1,626,  the  reading  was  not  taken.  Weights  as  follows  were  rapidly  added,  4  or  5  pieces  each 
minute,  as  follows:  82,  25,  42.  15,  16, 10, 15.5,  16. 25, 25, 25, 13, 11, 5, 16.27, 62, 40.&  61, 45,  62=2.200.5  pounds. 
The  bar  sank  rapidly,  its  side  pressure  splitting  the  wood  which  confined  the  mandrels.  The  tet 
measured  after  the  bar  was  removed,  2.5  inches.  The  total  deflection  is  calculated  aa  follows:  the 
elasticity  of  the  bar  remaining  the  same,  the  increase  of  deflection  over  set  is  directly  proportional  to 
the  load.  (This  is  shown  by  the  parallelism  of  the  elasticity  lines  with  the  original  line  within  the 
elastic  limit.)  Thus,  at  800  pounds  the  set  was  inappreciable,  deflection  0.0858;  whence  800:  0.0658:-. 
2,260:  0.242  difference  of  deflection  and  set;  set  was  2.5,  hence  calculated  deflection  2.742  inches. 

No.  651.— TESTED  BY  DEAD  LOADS. 


Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Deflection. 

1 

Load. 

.Deflection. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches 

100 

0.0158 

In  5  h.  4  6m.  was  0.6598 

In  48  h.  80  m.  waa  h  9245 

2,452 

a  0732 

200 

0. 0275 

1,700    |         0.67 

2,222    1          1.9379 

2.484 

a  0813 

400 

0.0489 

Tn  3  m.  waa       0. 6716 

2,288    |          2.1386 

In  39 h.  40  m.         4.2591 

600 

0. 0700 

In  16  h.  waa      0.7616 

In  12  m.  was     2.9535 

In  43  h.  20  m.        4.2591 

803 

0.0013 

1,800    1         0.771 

2,266    |         2.9928 

2,513    1             4.263 

1,000 

0.i  141 

1,900    |          1.0904 

In  17  m.  waa       3. 0157 

2,556    1             4.267 

1,210 

0.1304 

In  3  h.  15  m.  waa  1.8567 

In  8  h.  37  m.  was  3. 0236 

In  4  h.  20  m.       4. 274) 

1,400 

0. 1701 

In45h.45m.  waa  L  8709 

2,288    1          3.0.9 

2,589    |             4.2749 

1,500 

0.2465 

2,005    1          1.8787 

2,350              3.0426 

In  48  h.  was        4.6591 

In  8  m.  wai 

1         0.4307 

In  3  h.  waa        1. 8819 

2,370    |          3.0433 

In  61  h.  80  m.  was  4. 6701 

1,600 

0.480 

2,052 

1.8886 

In  25  h.  15  m.  was  3. 0677 

Weights        reached 

In  6  m.  ww 

l         0.6504 

2,115 

L8921 

2,422 

8.0701 

support.        Test     vaa 
ended. 

The  strain-diagrams  exhibited  in  the  plate  do  not  present  to  the  eye 
one  of  the  most  important  distinctions  between  the  two  classes  of 
metals.  As  seen  by  study  of  these  diagrams,  both  classes,  when  strained 
by  flexure,  gradually  exhibit  less  and  less  effort  to  restore  themselves 
to  their  original  form. 

In  the  case  of  the  tin-class,  this  loss  of  straightening  power  seems 
often  to  continue  indefinitely,  and,  as  in  one  example  here  illustrated, 
even  until  fracture  occurs. 

With  iron  and  the  class  of  which  that  metal  is  typical  this  reduction 
of  effort  becomes  gradually  less  and  less  rapid,  and  finally  reaches  a 
limit  after  attaining  which  the  bar  is  found  to  have  become  strength- 
ened, and  the  elastic  limit  to  have  become  elevated.  In  this  respect, 
the  two  classes  are  affected  by  time  of  strain  in  precisely  opposite  ways. 

The  plate  exhibits,  even  better  than  the  record,  the  superior  ultimate 
resistance  of  the  bars  which  have  been  intermittently  strained,  as  well 
as  the  elevation  of  the  elastic  limit.  This  parallelism  of  the  "elasticity 
lines"  obtained* in  taking  sets  shows  that  the  modulus  of  elasticity  is 
unaffected  by  the  causes  of  elevation  of  the  elastic  limit. 

Evidence  appealing  directly  to  the  senses  has  been  presented  in  the 
course  of  experiment  on  the  second  class  of  metals  of  the  intra-molec- 
ular  flow.  When  a  bar  of  tin  is  bent,  it  emits  while  bending  the  pecn- 
liar  crackling  sound  familiarly  known  as  the  "cry  of  tin."  This  sound 
has  not  been  observed  hitherto,  so  far  as  the  writer  is  aware,  when  a  bar 
has  been  held  flexed  and  perfectly  still.  In  several  cases  recently,  in 
experiments  on  flexure*  of  metals  of  the  second  class,  bars  held  at  a  con- 
stant deflection  have  emitted  such  sounds  hour  after  hour,  while  taking 
set  and  losing  their  power  of  restoration  of  shape. 

•Made  in  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
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During  some  of  the  experiments  made,  d  very  marked  illustration  of 
the  decrease  of  set  with  time,  which  has  been  observed  and  described  by 
Prof.  W.  A.  Norton,  has  been  noted,  and  the  recovery  of  straightening 
power  in  the  deflected  bar  has  sometimes  been  strikingly  large,  amount- 
ing to  nearly  30  pounds  in  15  minutes.    A  record  of  one  of  these  bars  is — 

BAB  No.  563. 
17.5  parte  copper,  82.5  parts  tin ;  0. 086X0. 003x22  inches. 


Load. 

Deflection. 

Set. 

Loud. 

Deflection. 

Set. 

Load. 

Deflection. 

Set. 

Pound*. 
10 

InehM. 
0.0027 
0.007 
a  0153 
0.0256 
0.0365 
0.0480 

Inehsi. 

Pounds. 
140 
180 
200 
5 
200 
240 
280 

Inches. 
0.0804 
0.1343 
0.1666 

Inekti. 

Pounds. 

300 

5 

Inch**. 
0.4507 

Inehe*. 

20 

0.3084 

40 

"oimi" 

Set  decreased  in  2  h. 
20  rn 

|  0.2845 

60 

80 

0.1708 
0.2503 
0.3762 

to   800 
810 

0.5332 

100 

"d.6002" 

Bar  broke  in  p  tting 

5 

After  300  pounds  had  been  placed  on  the  bar,  and  the  reading  taken, 
the  screw  was  run  back  till  the  beam  just  balanced  at  5  pounds,  the 
pressure-block  attached  to  the  screw  barely  touching  the  bar.  The 
set  was  then  read,  as  above,  0.3084  inch,  the  beam  slowly  rising.  The 
pressure-screw  was  then  run  back  till  beam  again  balanced  at  5  pounds, 
and  the  set  measured  0.3022  inch;  the  time  was  2  minutes.  The 
l>eam  again  rose,  poise  on  beam  was  pushed  forward  and  balanced  at 
10  pounds ;  the  tune  was  2  minutes.  In  two  minutes  more  beam  balanced 
at  14  pounds.  The  pressure-screw  was  again  run  back  till  beam  balanced 
at  5  pounds,  and  the  set  measured  0.2998  inch.  The  beam  rose  again 
at  11  hours  37  minutes,  a.  m.  In  2  minutes  it  balanced  at  iO  pounds,  in 
10  minutes  at  16  pounds,  and  in  29  minutes  at  23  pounds.  The  beam 
was  again  balanced  at  5  pounds,  set  measured  0.2902  inch.  The  beam 
rose  in  4  minutes.  In  29  minutes  the  beam  balanced  at  14  pounds,  and 
in  65  minutes  more  it  balanced  at  20  pounds.  The  beam  was  again  bal- 
anced at  5  pounds,  and  the  set  measured  0.2845  inch.  The  total  decrease 
of  set  in  2  hours  20  minutes  was  0.3084—0.2845=0.0239  inch.  Then  re- 
placed 300  pounds,  and  read  deflection  0.5332  inch;  increased  the  press- 
ure, but  the  bar  broke  before  310  pounds  was  reached. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

[Incorporated  1852.] 

THE  KATE  OF  8ET  OF  METALS  SUBJECTED  TO  STRAIN  FOR  CONSIDER- 
ABLE  PERIODS  OF  TIME. 

A  paper  by  Prof.  Robert  H.  Thurston,  Member  of  the  Society.    Read  December  6, 1876. 

Section  I.* — On  the  observed  decrease  of  resistance  at  a  fixed  distor- 
tion.— The  writer  has,  in  a  preceding  paper,t  shown  by  reference  to  ex- 
perimental researches  in  which  he  had  then  engaged,  that  some  classes 
of  metals,  as  ordinary  iron  and  steel,  when  subjected  to  strain  and  distor- 

*  Prepared  Jnly,  1876. 

t  CXXIII.  Note  on  the  resistance  of  materials  as  affected  by  flow,  and  by  rapidity  of 
distortion,  vol.  v,  page  199;  also  "Van  Nostrand's  Engineering  Magazine,"  September,. 
1876,  and  "Engineering"  (London),  December 29,  1&76. 
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tion  by  a  force  exceeding  the  resistance  of  the  material  within  the  elastic 
limit,  take  a  set  and  are  stiffened  by  that  aet,  and  exhibit  an  exaltation  of 
the  elastic  limit.  It  was  also  shown  that  other  classes,  like  tin  and  simi- 
larly viscous  and  ductile  materials,  exhibit  flow  and  a  depression  of  their 
limits  of  elasticity  when  similarly  treated.*  It  was  further  shown  that 
the  former  class,  when  subjected  to  loads  even  approaching  their  ultimate 
strength,  took  a  certain  set  and  remained  apparently  indefinitely  with- 
out further  distortion;  while  the  second  class,  under  very  moderate 
loads,  frequently  exhibited  a  gradual  yielding,  a  progressive  distortion, 
until  fracture  took  place,  sometimes  under  stresses  which  were  but  a 
fraction  of  those  which  were  found  required  to  break  such  metals  quickly, 
and  when  time  was  not  allowed  for  flow  to  occur.  It  was  noted  that 
increase  of  rapidity  of  distortion  and  fracture  produced  increase  of  re- 
sistance in  the  latter,  or  "tin  class,"  and  decrease  of  resisting  power  in 
the  first,  or  "iron  class,"  and  vice  versa. 

The  writer  has  since  instituted  experiments  upon  metals  of  both  classes 
to  determine  how  rapidly  set,  in  each  class,  took  place;  the  earlier  ex- 
periment just  referred  to  having  confirmed  a  suspicion  long  existing 
among  engineers  and  experimentalists  that  the  phenomenon  was  a  mole- 
cular change  as  well  as  of  the  mass,  and  that  time  was  required  for  its 
complete  development.  Professor  Norton  has  also  shown  by  experiment 
that  this  set  is  partially  temporary,  the  bar  relieving  itself  of  distortion 
in  some  degree  on  removal  of  the  load.  Both  that  experimenter  and  the 
writer  had  detected  some  peculiar  variations  of  form  during  this  recov- 
•ery,  and  the  experiments  of  the  latter,  as  detailed  in  the  preceding  paper, 
^exhibited  at  times  a  gradual  recovery  of  straightening  power  in  a  confined 
and  flexed  bar.  The  following  will  be  found  interesting,  and  perhaps 
important,  as  showing  how  these  molecular  changes  progress: 

Bars  were  prepared  of  square  section,  1  inch  in  breadth  and  depth, 
and 22  inches  in  length  between  bearings.  They  were  flexed  in  a  machine* 
for  testing  the  resistance  of  materials  to  transverse  stress,  as  described 
in  the  preceding  paper,  and  the  load  and  deflection  carefully  measured. 
As  the  bars  were  retained  at  a  constant  deflection,  their  effort  to  resume 
their  original  form  gradually  decreased,  and  the  amount  of  this  effort 
was  from  time  to  time  noted.  When  this  effort  or  resistance  had  be- 
come considerably  decreased,  the  bar  was  released  and  the  set  measured. 
This  operation  was  repeated  with  each,  until  the  law  of  decrease  of 
•elastic  resistance  was  detected.  Curves  were  constructed,  illustrating 
graphically  this  law,  and  exhibiting  it  more  satisfactorily  and  more 
plainly  than  the  tabular  record. 

The  following  is  the  record  for  the  bars  of  iron,  of  tin,  and  of  two  alloys: 
The  iron  bar  No.  648  was  subjected  to  a  load  of  1,003  pounds,  somewhat 
less  than  one-half  its  maximum,  and  its  deflection  was  found  to  be  0.0995 
inch.  Removing  the  load,  the  set  was  0.0049  inch.  Restoring  the  load 
<(1,000  pounds,  +  3  pounds  due  to  the  weight  of  the  bar),  the  deflection 
was  0.1001  inch,  and  the  bar  was  held  at  this  deflection  and  the  decrease 
of  resistance  observed.  In  25  minutes  it  had  become  999  pounds;  in  1 
hour  40  minutes,  991  pounds;  in  4  hours  35  minutes,  987  pounds ;  and  in 
.5  hours  20  minutes,  987  pounds.  The  set  was  then  found  to  be  0.007 
inch  under  the  weight  of  the  bar  itself. 

Restoring  the  last-observed  load,  the  deflection  was  0.0991  inch,  and 
.the  original  load  of  1,003  pounds  increased  it  to  0.1003  inch. 

A  second  trial  of  the  same  bar  under  a  load  of  1,603  pounds  gave  ft 

*Mr.  £.  H.  He  wins  has  informed  the  writer  since  the  publication  of  that  paper 
that  he  has  detected  simultaneous  "flow  "  and  "  exaltation  of  the  elastic  limit"  in  iron, 
t  Built  for  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
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deflection  of  0.2548  inch,  and  a  set,  on  removal,  of  0.1091  inch.  Re- 
storing the  load,  the  deflection  became  0.287  inch,  and  the  resistance  to 
flexion  decreased  in  6  hoars  3  minutes  from  1,603  to  1,575  pounds,  at 
which  latter  time  the  set  was  found  to  be  0.1451  inch.  Restoring  the 
load  of  1,457  pounds,  the  deflection  was  0.2863  inch,  and  the  original 
load,  1,603  pounds  being  brought  upon  it,  its  deflection  increased  to 
0.3016  inch,  an  increase  nearly  20  per  cent,  above  the  original  deflection. 

In  the  first  trial  the  loss  of  stiffness,  as  measured  by  the  decrease  of 
effort  to  straighten  itself,and  which  is  here  taken  to  measure  the  rate  of 
set,  is  seen  to  have  been  nearly  proportional  to  the  time  at  first,  becoming 
constant  after  4£  hours.  On  the  second  trial,  after  a  considerable  set, 
produced  by  a  heavy  load,  the  set  became  constant  after  about  one  hour, 
and  so  remained  to  the  end  of  the  trial. 

No.  655  was  a  bar  of  Queensland  tin,  received*  from  the  Commisioner 
of  that  country  at  the  Centennial  Exhibition,  and  which  was  found  to 
be  remarkably  pure.  A  load  of  109  pounds  gave  a  deflection  of  0.2109 
inch,  and  produced  a  set  of  0.1753  inch.  The  same  load  restored  de- 
flected the  bar  0.2415  inch,  which  deflection  being  retained,  the  effort  to 
regain  the  original  shape  decreased  in  one  minute  from  100  to  70  pounds, 
in  3  minutes  to  62,  and  in  8  minutes  to  56  pounds.  The  original  load  of 
100  pounds  then  brought  the  deflection  to  0.3033  inch,  nearly  50  per  cent, 
more  than  at  first. 

A  bar,  ,No.  599,  of  copper-zinc  alloy,  similiarly  tested,  deflected  0.5209 
inch  under  1,233  pounds,  and  took  a  set  of  0.2736  inch  after  being  held 
at  that  deflection  15  minutes,  the  effort  falling  meantime  to  1,137  pounds. 
Restoring  the  load  of  1,137  pounds,  the  deflection  became  0.5131  inch, 
and  the  original  load  of  1,233  pounds  brought  it  to  0.5456  inch.  The 
bar  was  now  held  at  this  deflection  and  the  set  gradually  took  place, 
the  effort  falling  in  15  minutes  to  1,133  pounds  (4  per  cent,  more  than 
at  the  first  observation),  in  22  minutes  to  1,093,  in  46  minutes  to  1,063, 
in  63  minutes  to  1,043,  in  91 J  minutes  to  1,003,  and  in  118  minutes  to  911 
pounds,  at  which  last  strain  the  bar  broke  3  minutes  later,  the  deflec- 
tion remaining  unchanged  up  to  the  instant  of  fracture.  This  remarka- 
ble case  has  already  been  referred  to  in  an  earlier  paper,t  when  treating 
of  the  effect  of  time  in  producing  variation  of  resistance  and  of  the  elas- 
tic limit. 

Kos.  561,  copper-tin,  and  612,  copper-zinc,  were  compositions  which 
behaved  quite  similarly  to  the  iron  bar  at  its  first  trial,  the  set  appar- 
ently becoming  nearly  complete  in  the  first  after  1  hour,  and  in  the  sec- 
ond after  3  or  4  hours. 

In  all  of  these  metals,  the  set  and  the  loss  of  effort  to  resume  the 
original  form  were  phenomena  requiring  time  for  their  progress,  and  in 
all,  except  in  the  case  of  No.  599 — which  was  loaded  heavily — the  change 
gradually  became  less  and  less  rapid,  tending  constantly  toward  a 
maximum. 

So  far  as  the  observation  of  the  writer  has  yet  extended,  the  latter  is 
always  the  case  under  light  loads.  As  heavier  loads  are  added,  and  the 
maximum  resistance  of  the  material  is  approached,  the  change  continues 
to  progress  longer,  and,  as  in  the  case  of  the  brass  above  described,  it 
may  progress  so  far  as  to  produce  rupture,  when  the  load  becomes  heavy, 
if  the  metal  does  not  belong  to  the  "  iron  class."  The  brass  broke  under 
a  stress  25  per  cent,  less  than  it  had  actually  sustained  previously. 

There  is  no  evidence  that  iron  or  steel  ever  exhibits  this  treacherous 
and  exceedingly  dangerous  behavior;  but,  on  the  contrary,  it  seems 

*By  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology, 
t  Vol.  v,  page  205. 
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always  to  carry  a  load,  once  borne,  however  near  the  maximum  it  may 
be.  This  difference  is  here  quite  as  marked  as  in  the  experiments  pre- 
viously reported  upon  the  elevation  and  the  depression  of  the  elastic 
limit  by  strain ;  and  no  one  can  fail  to  note  the  value  in  construction  of 
this  quality  of  that  metal  which  is  the  chief  reliance  of  the  engineer  in 
nearly  every  branch  of  his  art.  These  principles  will  find  numberless 
applications  in  the  practice  of  every  member  of  the  profession. 

The  records  are  herewith  presented,  and  the  curves  representing  them 
shown  in  the  Plate. 


RECORDS  OF  EXPERIMENTS  ON  RATE  OF  SET  OR  DECREASE  OF  RESIST- 
ANCE AND  INCREASE  OF  SET  OF  METALS,  WITH  TIME. 

Bora  1  inch  square ;  22  inches  between  supports. 


Time. 


Load. 


Loss  of 
load. 


Deflection. 


Set 


No.  648.— Wrought  irok. 
First  trial. 


Minutes.  Pounds.  Pound*.       Inches.      Inches. 


100 
275 
320 
320 
322 


1,003 

3 

1,003 

991 

987 

987 

3 

987 

1,003 

2,720 


4 
12 
16 
16 


0.0995 


0. 1001 
0.1001 
0.1001 
0.1001 
0.1001 


Second  trial. 


.|  1,003- 


0.9910 
0.1003 
2.6400 


2.2548 


Time. 


Minutes. 


0.0049 


0.007 


NO.  561.— 27.5  PABT8  COPPER,  72.5  PARTS  TIN. 


1 

3 
2,640 

4,140 


160 
5 
160 
154 
150 
104 
100 
5 
100 
160 
820 

0.0696 

0.072 
0.072 
0.072 
0.072 
0.072 

6 
10 
56 

60 

0.0763 
0.0970 
0.2200 

0.0145 


1 

2 

3 

23 

63 

133 

193 


0.04 
Broke. 


NO.  699.— 10  PARTS  COPPER,  90  PARTS  ZDfC. 


15 


15 


40 
46 


77.5 
91.5 


1,233 

0.5209 

1,137 

3 

1,137 

0.5209 

0. 5131 

1,233 
1,133 

0.5456 

100 

0.5450 

1,093 

140 

0.5436 

1,070 

163 

0.5456 

1,063 

170 

0.5456 

1,043 

190 

0.5456 

1,023 

210 

0.5456 

1,003 

230 

0.5456 

0.2736 


96.5 
118 
121 


Pounds. 

3 
1,603 
1,521 
1,493 
1,483 
1,463 
1,461 
1,459 
1,457 
1,457 

3 
1,457 
1,603 
2,720 


003 
91» 
911 


Loss  of 
load. 


Pounds. 


110 
120 
140 
142 
144 
146 
146 


240 
322 


Deflection. 


Inches. 


0.287 
0.287 
0.287 
0.287 
0.287 
0.287 
0.287 
0.287 
0.287 


0.2863 
0.3016 
2.6400 


0.5456 


Set. 


Inches. 

0.1091 


0.1481 


)  Broke- 
No.  612.— 47.5  PARTS  COPPER,  52.5  PASTS  ZBC 


5 

25 

120 

480 

1,230 


800 

0.3332 

3 

0  1471 

800 
790 

0.3360 
0.3366 

10 

778 

22 

0.3366 

766 

34 

0.3366 

756 

44 

0.3366 

751 

49 

0.3^66 

3 

0.1688 

751 
800 

6.3364 
0.349O 

1,100 

Broke. 

No.  655.— Queensland  tin. 
0.  2109 


100 
3 

100 
70 
62 
56 

100 

150 


80 
88 


0.2415 
0.2415 
0. 2415 
0. 2415 
0.3033 
Bent  rapidl; 


0.1753 


Section  II*. — The  observed  increase  of  deflection  under  static  load. — In 
the  preceding  section  the  writer  presented  results  of  an  investigation 
madet  to  determine  the  time  required  to  produce  "set"  in  metals  be- 
longing to  the  two  typical  classes,  which  exhibit,  the  one  an  exaltation 
and  the  other  a  depression  of  the  elastic  limit  under  strain. 

•Prepared  November,  1876. 

t  In  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
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The  experiments  there  described  were  made  by  means  of  a  testing 
machine,  in  which  the  test-piece  could  be  securely  held  at  a  given  degree 
of  distortion,  and  its  effort  to  recover  its  form  measured  at  intervals, 
until  the  progressive  loss  of  effort  could  no  longer  be  detected,  and  until 
it  was  thus  indicated  that  set  had  become  complete. 

The  d  eductions*  were : 

That  in  metals  of  all  classes  under  light  loads  this  decrease  of  effort 
and  rate  of  set  become  less  and  less  noticeable  until,  after  some  time, 
no  further  change  can  be  observed,  and  the  set  is  permanent. 

That  in  metals  of  the  "  tin  class,"  or  those  which  had  been  found  to 
exhibit  a  depression  of  the  elastic  limit  with  strain,  a  heavy  load,  i.  e., 
a  load  considerably  exceeding  the  proof  strain,  the  loss  of  effort  con- 
tinued until,  before  the  set  had  become  complete,  the  test-piece  yielded 
entirely. 

And  that  in  the  metals  of  the  "  iron  class,"  or  those  exhibiting  an  ele- 
vation of  elastic  limit  by  strain,  the  set  became  a  maximum  and  perma- 
nent, and  the  test-piece  remained  unbroken,  no  matter  how  near  the 
maximum  load  the  strain  may  have  been. 

The  experiments  here  described  were  conducted  with  the  same  object 
as  those  above  referred  to.  In  these  experiments,  however,  the  load, 
instead  of  the  distortion,  was  made  constant,  and  deflection  was  allowed 
to  progress,  its  rate  being  observed,  until  the  test-piece  either  broke 
under  the  load  or  rapidly  yielded,  or  until  a  permanent  set  was  pro- 
duced. It  will  be  seen  that  the  results  of  these  experiments  are  in  strik- 
ing accordance  with  those  conducted  in  the  manner  previously  described. 
They  exhibit  the  fact  of  a  gradually-changing  rate  of  set  for  the  several 
cases  of  light  or  heavy  loads,  and  illustrate  the  striking  and  important 
distinctions  between  the  two  classes  of  metals  even  more  plainly  than 
the  preceding.  The  accompanying  record  and  the  strain-diagrams, 
which  are  its  graphical  representation,  will  assist  the  reader  in  com- 
prehending the  method  of  research  and  its  results.  All  test-pieces 
were  of  one-inch  square  section,  and  loaded  at  the  middle.  The  bear- 
ings were  22  inches  apart. 

No.  661  was  of  wrought  iron  from  the  same  bar  with  No.  648.  already 
described.*  This  specimen  subsequently  gave  way  under  a  load  of  2,587 
pounds.  Its  rate  of  set  was  determined  at  about  60  per  cent,  of  its  ulti- 
mate resistance,  or  at  1,600  pounds.  Its  deflection,  starting  at  0.489 
inch,  increased  in  the  first  minute  0.1047 ;  in  the  second  minute,  0.026; 
in  the  third  minute,  0.0125;  in  the  fourth  minute,  0.0088 ;  in  the  fifth 
minute,  0.0063 ;  and  in  the  sixth  minute,  0.0031  inch ;  the  total  deflections 
being  0.5937,  0.6197,  0.6322,  0.641,  0.6473,  and  0.6504  inch.  In  the  suc- 
ceeding 10  minutes  the  deflection  only  increased  0.0094  inch,  or  to  0.6598 
inch,  and  remained  at  that  point  without  increasing  so  much  as  0.0001 
inch,  although  the  load  was  allowed  to  remain  344  minutes  untouched. 
The  bar  had  evidently  taken  a  permanent  set,  and  it  seems  to  the 
writer  probable  that  it  would  have  remained  at  that  deflection  indefi- 
nitely, and  have  been  perfectly  free  from  liability  to  fracture  for  any 
length  of  time. 

This  bar  finally  yielded  completely,  under  a  load  of  2,589  pounds,  de- 
flecting 4.67  inches. 

No.  479  was  a  copper  bar  containing  3|  per  cent,  of  tin.  Its  behavior 
may  be  taken  as  typical  of  that  of  the  whole  "tin  class"  of  metals,  as 
the  preceding  illustrates  the  behavior  of  the  "  iron  class"  under  heavy 
loads.  It  was  subjected  to  two  trials,  the  one  under  a  load  of  700  and 
the  other  of  1,000  pounds,  and  broke  under  the  latter  load,  after  having 

*  Vol.  v,  page  208. 
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sustained  it  1£  hours.  The  behavior  of  this  bar  will  be  considered 
especially  interesting,  if  its  record  and  strain-diagram  are  compared  with 
those  of  No.  599,  previously  given,  which  latter  specimen  broke  after 
121  minutes,  when  held  at  a  constant  deflection  of  0.5456  inch;  its  re- 
sistance gradually  falling  from  an  initial  amount  of  1,233  pounds,  to  911 
pounds  at  the  instant  before  breaking. 

This  bar,  No.  479,  was  loaded  with  700  pounds  "  dead  weight,"  and 
at  once  deflected  0.441  inch.  The  deflection  increased  0.118  inch  in  the 
nrstfive  minutes,  0.024  in  the  second  five  minutes,  0.018  in  the  second  10 
minutes,  0.17  in  the  fourth,  0.012  in  the  fifth,  and  0.008  inch  in  the  sixth 
10-minute  period,  the  total  set  increasing  from  0.441  to  0.65  inch.  The 
record  and  the  strain-diagram  show  that  at  the  termination  of  this  trial 
the  deflection  was  regularly  increasing.  The  load  was  then  removed 
and  the  set  was  found  to  be  0.524  inch,  the  bar  springing  back  0.126  inch 
on  removal  of  the  weight. 

The  bar  was  again  loaded  with  1,000  pounds.  The  first  deflection 
which  could  be  measured  was  3.118  inches,  and  the  increase,  at  first 
followed  the  parabolic  law  noted  in  the  preceding  cases,  but  quickly 
became  accelerated ;  this  sudden  change  of  law  is  best  seen  on  the  strain- 
diagram.  The  new  rate  of  increase  continued  until  fracture  actually 
occurred,  at  the  end  of  1£  hours,  and  at  a  deflection  of  4.506  inches. 

This  bar  was  of  very  different  composition  from  No.  599;  it  is  a  mem- 
ber of  the  "  tin  class,"  however,  and  it  is  seen,  by  examining  their 
records  and  strain-diagrams,  that  these  specimens,  tested  under  radically 
different  conditions,  both  illustrate  the  peculiar  characteristics  of  the 
class,  by  similarly  exhibiting  its  treacherous  nature. 

No.  504  was  a  bar  of  tin  containing  about  0.6  per  cent,  of  copper— 
the  opposite  end  of  the  scale — and  exhibited  precisely  similar  behavior, 
taking  a  set  of  0.323  inch  under  110  pounds  and  steadily  giving  way 
and  deflecting  uninterruptedly  until  the  trial  ended  at  the  end  of  1,270 
minutes,  over  21  hours.  This  bar  subsequently  was,  by  a  maximum 
stress  of  130  pounds,  rapidly  broken  down  to  a  deflection  of  8.11  inches. 

No.  501  presents  the  finest  illustration  yet  entered  in  the  record 
book  of  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Tech- 
nology. The  test  extended  over  nearly  2£  days  under  observation,  and 
then  left  for  the  night,  was  found  next  morning  broken.  The  time  of 
fracture  is  therefore  unknown,  as  is  the  ultimate  deflection.  The  record 
is,  however,  sufficient  to  determine  the  law,  and  the  strain-diagram  is 
seen  to  be  similar  to  that  of  the  second  test  of  No.  479,  exhibiting  the 
same  tendency  to  the  parabolic  shape  and  the  same  change  of  law  aud 
reversal  of  curvature  preceding  final  rupture,  and  illustrates  even  more 
strikingly  the  fact  that  this  class  of  metals  is  not  safe  against  final 
rupture,  even  though  the  load  may  have  been  borne  a  considerable  time, 
and  have  apparently  bren  shown,  by  actual  test,  to  be  capable  of  sustain- 
ing it.  A  strain-diagram  of  each  of  the  latter  two  bars  is  exhibited  on 
a  reduced  scale  to  present  to  the  eye  more  strikingly  this  important 
characteristic. 

A  comparison  of  the  records  and  the  strain-diagrams  with  those  of 
Section  I,  in  illustration  of  the  behavior  of  the  two  classes  of  metals 
under  constant  deflection,  is  most  instructive.  The  light  thus  thrown 
upon  the  phenomena  of  distortion  and  fracture  may  be  of  great  service 
to  all  who  are  engaged  in  construction.  It  will  be  necessary  to  make 
many  experiments  to  determine  under  what  fraction  of  their  ultimate 
resistance  to  rapidly  applied  and  removed  loads,  the  members  of  the 
"tin  class" — the  viscous  metals — will  be  safe  under  static  permanent 
loads.    Their  behavior  under  shocks  of  various  intensities  remains  also 
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to  be  determined.  The  most  probable  and  most  satisfactory  conclusion 
which  seems  likely  to  be  finally  reached  is,  perhaps,  that  the  "  iron 
class"  of  metals  are  capable  of  carrying  indefinitely  any  load  which 
they  have  once  borne,  and  that,  in  some  manner — by  the  relief  of  in- 
ternal strain,  as  suggested  by  the  writer,*  or  by  some  other  process— their 
rest  under  a  load  renders  them,  as  time  goes  on,  more  and  more  safe 
under  that  load. 


RECORD  OP  EXPERIMENTS  WITH   DEAD   LOADS   TO   DETERMINE   THE 
INCREASE  OF  DEFLECTION  WITH  TIME,  OR  RATE  OF  SET. 

Bars,  1  inch  square;  22  inohee  between  supports.    Load  applied  at  the  middle. 


Time. 

Deflection. 

Increase. 

Time. 

Deflection. 

Increase. 

Difference. 

TotaL 

Difference. 

TotaL 

No.  651.— Wbought  1BOK. 

Minutes. 

Inches. 

Inches. 

Inches. 

80 

0.6(8 

0.017 

0.177 

Load,  1,000  pounds. 

40 

0.630 

0.012 

0.189 

Minutes. 

Inches. 

Inches. 

Inches. 

60 

0.642 

0.012 

0.201 

0 

0.4880 
0.5037 
0.6187 

60 
Set. 

0.660 

O.R24 

0.008 

0.208 

1 

6."i047 
0.0200 

d."i047" 
0.1367 

2 

8 

0.6322 

a  0125 

0.1432 

Second  trial— Load  1,000  pounds. 

4 

0.6410 

0.0088 

0.1520 

5 

0.6478 
0.6504 

0.0068 
0.0031 

0.1683 
0. 1614 

0 
5 

8.118 
8.540 

0 

0.422 

0.522 

16 

0.6598 

0.0094 

0.1708 

15 

8.660 

0.120 

0.542 

844 

0.6598 

0.0000 

0.1708 

46 

4.102 

0.442 

0.984 

Maximum  load,  2,588  pounds;  maximum  deflec- 

75 

7.634 

3.622 

4.606 

tion,  4.67  inches. 

Bar  broke  under  1,000  pounds. 

No.  604.— 4.657  parts  COPPlfl,  80.438  parts  TIN. 

No.  501.— 8.7  PARTS  COPPER,  90.8  PARTS  TOT. 

Load,  impounds. 

Load,  160  pounds. 

0 

0.323 
.     0.406 

0 
10 

L294 
L3I9 

b! 

0.063 

0.063 

0.025 

0.025 

L945 

1.639 

L622 

70 

L463 

0.144 

0.168 

865 

2.005 

0.069 

1.681 

180 

1.580 

0.067 

0.286 

885 

2.138 

0.134 

L815 

810 

1.691 

0.161 

0.897 

1,026 

2.248 

0.110 

1.925 

400 

1.766 

0.075 

0.472 

1,110 

2.878 

0.180 

2.055 

460 

1.811 

0.045 

0.617 

1,270 

2.626 

a  248 

2.303 

1,860 
1,475 

2.634 

0.728 

L240 

"Ma^rim^m  load,  180  pounds;  wwHwwim  defleo- 

2.697 

0.168 

L408 

tfcon,  8.11  inohes. 

1,666 

2.782 

0.086 

L488 

1,730 
1,880 

2.938 
&  186 

0.156 
0.196 

1.644 

1.842 

No.  479.— 86.27  PARTS  COPPER,  3.73  PARTS  TIM. 

2,780 

8.798 

0.662 

2.604 

2,940 

4.274 

0.476 

2.980 

Load,  700  pounds. 

8,000 

4.348 

0.075 

8.055 

0 

C.441 
0.558 

8,296 

&097 

0.74A 

8.803 

5 

a  118 

0.118 

Bar  left  under  strain  at  night  and  f 

Dund  broken 

10 

0.583 

0.024 

0.142 

in  the  morning. 

20 

0.601 

0.018 

0.160 

The  law  of  deflection  and  of  rate  of  set,  as  illustrated  graphically  by 
the  strain-diagrams  given  in  this  and  in  the  preceding  paper,  is  ex- 
pressed for  the  lighter  loads  by  equation  of  the  form 

T=AT— BT» 

in  which  Y  is  the  deflection  or  the  set,  both  quantities  varying  together 
in  this  case,  and  T  is  the  time ;  A  and  B  being  constant  coefficient  to 
be  determined  for  special  cases. 

*  Wire  makers  have  learned  that  newly-made  wire  is  considerably  weaker  than  simi- 
lar wire  which  has  been  so  long  made  as  to  afford  time  for  relief,  by  flow,  of  the  in- 
ternal straining  introduced  by  the  process  of  drawing. 
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For  heavy  loads,  after  the  first  sudden  deflection  and  set,  the  equa- 
tion is  seen  to  be 

Y=AT 

in  which  for  iron,  A =  ^  and  for  the  tin-class  A  is  a  constant  multiplier 

up  to  a  limit  x,  Nos.  501,  479,  at  which  it  varies  as  some  new  function  of 
the  time. 

The  values  of  constants  for  the  various  metals  remain  to  be  deter- 
mined. The  question  whether  this  change  in  the  value  of  the  modulus 
of  rupture,  as  exhibited  in  the  preceding  section,  and  of  the  value  of 
the  quantity  representing  in  the  usual  formula  the  amount  of  deflection, 
is  due  to  a  change  in  the  modulus  of  elasticity,  to  simple  flow,  or  to  a 
variation  of  cohesive  force,  remains  to  be  considered. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

[Incorporated  1852.] 

DISCUSSION  AT  THE  SEVENTH  ANNUAL  CONVENTIONS 

FLEXUEB  OF  BEAMS. 

Mr.  Robert  H.  Thurston— Referring  to  "Resistances  of  beams  to 
flexure": — t 

1°.  I  agree  fully  with  General  Barnard  in  considering  the  formula  of 
Navier,  and  those  in  common  use  as  based  upon  them,  as  well  as  the  ar- 
guments of  Decomble  sustaining  the  former,  as  not  well  supported  by 
the  results  of  experiment,  except  in  a  few  special  cases. 

2°.  The  ordinary  theory,  and  its  resulting  equations,  in  which  the  re- 
sistances of  particles  to  compression  and  to  extension  are  proportional 
to  their  distance  from  the  neutral  surface,  are  apparently  sufficiently 
correct  up  to  that  limit  of  flexure  at  which  the  exterior  sets  of  particles 
on  the  one  side  or  on  the  other  are  forced  beyond  the  elastic  limit. 

3°.  With  absolutely  non-ductile  materials,  or  materials  destitute  of 
viscosity,  fracture  occurs  at  this  point.  But,  with  ordinary  materials, 
and  notably  with  good  iron,  low  steel,  and  all  of  the  useful  metals  and 
alloys  in  common  employ,  rupture  does  not  then  take  place. 

4°.  The  exterior  portions  of  the  mass  are  compressed  on  the  one  side, 
offering  more  and  more  resistance  nearly,  if  not  quite,  up  to  the  point 
of  actual  breaking,  which  breaking  may  only  occur  long  after  passing 
the  elastic  limit.  On  the  other  side,  the  similar  sets  of  particles  are 
drawn  apart,  passing  the  elastic  limit  for  tension,  and  then  resisting  the 
stress  with  approximately  constant  force,  "flow"  occurring  until  that 
limit  of  flow  is  reached,  and  rupture  takes  place. 

5°.  Fracture  may  occur  under  either  of  several  sets  of  conditions. 

A.  The  material  may  be  absolutely  brittle,  (a.)  In  this  case  the  elas- 
tic limit  and  the  limit  of  rupture  coincide  for  both  simple  tension  and 
simple  compression.  The  piece  will  break  with  a  snap  when,  under  flex- 
ure, either  limit  is  reached,  (b.)  Or,  it  may  happen  that  the  limit  is 
reached  simultaneously  on  both  sides. 

B.  The  material  may  be  slightly  viscous,  (a.)  The  flexure  of  the 
piece  will  produce  compression  or  extension,  or  both,  beyond  the  elastic 

*  Referring  to  Record  of  Experiments  showing  the  character  and  position  of  Neu- 
tral Axes,  as  shown  by  polarized  light,  L.  Nickerson,  vol.  iii,  page  31;  and  to  Resist- 
ance of  Beams  to  Flexure,  J.  G.  Barnard,  vol.  iii,  page  123. 

t  Vol.  iii,  page  123. 
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limit  before  rupture,  giving  three  sets  of  conditions  to  be  expressed  by 
the  formula.  (6.)  The  increase  of  resistance  after  passing  the  elastic 
limit  will  not  be  similar  for  both  forms  of  resistance,  and  each  substance 
will  probably  be  found  characteristically  distinguishable  from  every 
other,  (c.)  It  would  appear  from  experiments  already  familiar,  that  the 
resistance  to  compression  will  frequently  increase  in  a  very  high  ratio 
as  compared  with  that  to  extension,  thus  swinging  the  neutral  surface 
toward  the  compressed  side,  and  probably  sometimes  approximately  to 
the  limiting  surface,  with  very  hard  and  friable  substances,  thus  bring- 
ing about  something  like  a  correspondence  with  "Galileo's  theory." 
This,  I  presume,  does  not  often  happen. 

0.  The  material  may  be  very  ductile  or  viscous.*  (a.)  In  this  case 
the  phenomena  of  flexure  and  rupture  will  be  as  last  described,  but  of 
exaggerated  extent  and  importance,  (ft.)  The  resistances  to  extension 
and  to  compression  as  developed  in  this  case  will  be  approximately,  or 
accurately,  those  observed  in  experiments  producing  rupture  by  direct 
tension  and  by  direct  compression.  The  neutral  surface  will  be  deter- 
mined in  position  by  the  ratio  of  these  ultimate  resistances. 

6°.  Proposition  1,  of  Decomble,  as  rendered  by  General  Barnard  ,t 
therefore,  may  or  may  not  be  true  for  any  individual  case,  and  it  cannot 
be  true  for  all  materials.  Proposition  2  is,  I  think,  probably  correct,  it 
being  understood  that  the  effect  of  "flow"  in  producing  modification  of 
the  coefficients  of  elasticity  and  of  rupture  is  comprehended.  Proposi- 
tion 3  is,  I  should  say,  certainly  incorrect  for  ductile  substances. 

Decomble  is,  therefore,  in  error  in  claiming  that  Navier's  theories, 
narrow  and  inflexible  as  are  their  conditions,  explain  "all  phenomena" 
of  flexure  and  rupture,  or  that  it  can  always  give  us  correct  moduli  of 
rupture,  or  that  it  is  in  "complete  harmony"  with  any  but  a  narrow 
range  of  practice. 

7°.  The  statement  that  "any  load,  however  small,"  is  "capable  of  pro- 
ducing rupture,  providing  that  the  trial  is  sufficiently  prolonged,"  I  have 
long  since  shown,  by  experiment  (which  has  been  published  in  this 
country  and  in  Europe),^  to  be  quite  the  reverse  of  the  truth  in  the  case 
of  iron,  steel,  &c.  The  fact,  as  shown  by  the  facsimile  strain-diagrams 
illustrating  these  papers,  being  that  static  stress,  less  than  that  producing 
rupture,  but  greater  than  that  corresponding  with  the  elastic  limit,  produces 
actual  increase  of  resisting  power.  This  fact  has  since  been  proven  by 
other  investigators  and  by  quite  independent  methods  of  research. 

8°.  I  have  also  shown  in  those  experimental  investigations  that  the 
converse  fact  exists,  that  distortion,  rapidly  produced,  causes  an  actual 
decrease  of  resisting  power.  Strain-diagrams  were  given  illustrating  this 
fact  very  strikingly. 

9°  This  variation  of  resistance  with  variation  of  the  method  of  rup- 
ture introduces  another  element  of  uncertainty  into  "Javier's  theory," 
as  well  as  into  all  formulas  yet  constructed.  This  element  must  remain 
until  experiment  has  indicated  a  measure  of  it  and  the  form  of  the  func- 
tion expressing  its  law,  and  thus  enable  us  to  construct  a  correct  formula. 

10°.  Eeferring  to  the  remarks  of  General  Barnard  which  follow  the 
paper  under  discussion,§  we  may  find  in  the  phenomena  just  considered 
a  reason  for  the  fact,  remarked  by  him,  that  "  beams  fractured  by  shot 

*  It  is  to  be  remembered  that  viscosity  and  high  cohesive  force  may  coexist,  as 
shown  by  Prof.  Henry  and  Mon.  Tresca. 

t  Vol.  iii,  page  123. 

{Transactions,  vol.  ii,  page  239;  vol.  iii,  page  12,  &c. ;  Journal  of  the  Franklin 
Institute,  1874 ;  Van  Nostrand's  Engineering  Magazine,  1874 ;  London  Engineering, 
1673:  Practical  Mechanics'  Magazine,  1874;  Dingier 'a  Polytechnisches  Journal,  1875. 

$  Vol.  iii,  page  127. 
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did  not  resist  anything  like  so  much"  as  those  broken  under  the  dot 
and  steady  action  of  the  hydraulic  press. 

11°.  The  assumption  that  resistances  vary  each  way  from  the  neutral 
surface  proportionally  with  their  distance  from  that  surface  is,  when 
coupled  with  a  rejected  hypothesis  of  Navier,  nevertheless,  not  far  from 
the  truth  in  special  cases,  as  may  be  shown  by  proper  mathematical 
treatment  and  comparison  with  results  obtained  experimentally. 

12°.  Mr.  William  Kent  made  this  comparison  for  cast  and  wrought 
iron  and  for  ash.  The  results  of  analysis  and  of  experiment  give  the 
following  values  of  the  E  in  the  ordinary  formula :  * 

M=iBBD* (1) 

for  a  beam  fixed  at  one  end,  loaded  at  the  other : 


Cast  iron. 


Wrought 
Iron. 


K  (theoretical)  ... 
K  (experimental) . 


82,280 
85,000 


00.000 
00,000 


12,  ON 


13°.  This  remarkable  approximation  is  thus  derived :  Suppose  a  fixed 
beam,  Fig.  5,  with  loaded  extremity,  the  force  P  being  a        Fig.  5. 
measure  of  the  weight  W,  and  the  beam  having  a  depth 
D,  a  breadth  unity,  and  a  neutral  surface  situated  at  a 
distance  Y  from  the  superior  surface  of  the  beam.    Rep- 
resenting the  resistances  graphically  by  the  triangles  T 
N,  O  N ;  their  measures  in  tension  and  compression  are 
respectively  JTN.JON,  and  their  moments  are  JTN 
X§  Y=§  Y*,  and  *  0  Mx§  (D-Y)=J  O  (D-Y)>.    An 
early  hypothesis  of  Navier,  which  seems  to  have  been 
entirely  abandoned  by  him  subsequently,  and  which  has  not  been  ac- 
cepted by  subsequent  writers  on  the  subject,  makes  these  moments 
equal.    Assuming  this  to  be  correct, 


and  ° 


TT»=0(D-T)». 
Y* 


'T-(D-T)* 


•(2) 
•  (3) 


and,  from  this  expression,  we  may  find  the  position  of  the  neutral  sur- 
face, as  determined  by  the  assumed  conditions.  Then  letting  B=tfae 
breadth  of  the  beam, 

WL=JB[TYM-C(D-Y)»]=iBBD» (4) 

in  which  latter  expression  B  is  the  modulus  of  rupture,  and  its  value 
can  be  found  when  G  and  T  are  known.  It  will  always  be  of  a  value 
intermediate  between  T  and  O. 

14°.  The  following  are  the  data  and  results  for  the  three  cases  taken; 
the  results  are  well  worthy  of  examination  and  record : 


T 

C 

B 

I) 

L 

T 

D— Y 

WL 

B 

Cost  iron • 

16,000 
60,000 
17,200 

96,000 

60,000 

9,000 

1 
1 
1 

1 
1 
1 

1 

1 
1 

0.71 
0.5 
0.42 

0.20 
0.5 

aw 

6,880 

10,000 

2,020 

«,» 

Wrought  iron 

00,000 

A*h  timber 

12,128 

*  Wood  on  Resistance  of  Materials. 
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15°.  The  common  theory  of  rapture,  as  it  is  defined  by  Professor  Wood, 
is  confessedly  far  from  correct,  and,  as  shown  at  the  beginning  of  these 
remark  s,  the  neutral  surface  must  vary  in  position,  and  cannot  invariably 
pass  through  the  center  of  gravity  of  section.  It  would  seem  that  such 
coincidence  of  position,  when  occurring  at  all,  is  simply  a  matter  of  in- 
cidental concurrence  of  conditions.  I  therefore  consider  the  criticism 
of  General  Barnard  to  be  just  in  this  point 

16°.  The  accurate  mathematical  expression  of  the  phenomena  of 
flexure  and  rupture,  as  already  remarked,  must  be  vastly  more  compre- 
hensive and  flexible  and  more  facile  of  application  than  any  yet  pro- 
posed. As  I  have  shown,  it  is  not  sufficient  that  both  Ri  and  Rj— i.  e., 
both  T  and  G — appear  in  the  formulas,  as  proposed  by  Decomble.  The 
real  value  of  these  quantities,  as  there  appearing,  must  vary  as  some 
function  of  distance  from  the  neutral  line,  while  the  position  of  the  neu- 
tral line  must  itself  vary  with  both  the  value  of  T  and  C  in  different 
cases,  and  with  their  change  of  value  in  the  same  beam,  as  flexure  pro- 
gresses and  after  rupture  commences.  These  variable  functions  must 
all  be  taken  into  account  and  comprised  in  the  general  expression  for 
the  moment  resisting  fracture. 

The  characters  of  these  functions,  however,  are  unfortunately  not  yet 
ascertained,  and  it  is  only  after  experiments  in  which  the  moment  of  re- 
sistance is  accurately  measured  during  every  stage  of  fracture,  and 
so  completely  that  the  strain-diagram  of  the  experiments  can  be  graph- 
ically given,  or  its  equation  constructed,  that  we  can  obtain  their  values. 
This  has,  as  yet,  been  done  in  but  few  cases,  as  in  some  experiments  of 
Hodgkinsou,in  the  work  of  Styffe,  and  in  experiments  made  by  Rodman. 

17°.  It  does  not  necessarily  follow  that  the  formulas  finally  resulting 
must  be  either  complex  or  iuconveuient  of  application.  Simple  expres- 
sions will,  at  least,  be  found  for  special  cases  of  simple  character,  which 
will  serve  every  purpose  of  the  engineer. 

18°.  It  is  also  true,  as  remarked  by  Professor  Wood,  and  as  known  by 
every  engineer,  that  the  phenomena  of  flexure  within  admissible  limits 
are  much  less  complex  and  much  less  difficult  of  manipulation  than  those 
of  rupture,  or  than  those  resulting  in  serious  permanent  distortion. 
Hence,  it  is  true  that  ordinary  engineering  practice  is  not  placed  at 
such  a  serious  disadvantage  as  these  defects  of  the  theory  of  strain 
might  seem  to  indicate. 

19°.  In  common  with  every  member  of  the  profession,  I  am  called 
upon  to  admit  the  great  services  rendered  us  by  Kavier  in  the  splendid 
work  done  by  him  at  VEcole  des  Fonts  et  GluLM86e8,  in  establishing  a 
theory  of  engineering,  as  well  as  in  working  up  a  theory  of  rupture,  and 
I  desire  to  acknowledge  those  services,  while  declining  to  admit  absolute 
accuracy  in  his  theories.  They  were  constructed  at  a  time  when  science 
was  apparently  divorced  froin  the  practice  of  engineering,  and  when  his 
services  in  securing  a  genuine  union  were  most  invaluable.  He  must 
always  be  regarded  as  one  of  the  great  leaders  of  our  profession. 

1  would  unite  with  General  Barnard  in  his  remarks,  relative  to  the 
attempt  of  Navier's  pupil,  Decomble,  to  retain  the  theory  while  mod- 
ifying the  formulas  of  Navier:  "If  by  discarding  a  coefficient  founded 
upon  an  imaginary  coefficient  of  elasticity,  and  the  introduction  of  dis- 
tinct and  independent  factors,  symbolic  of  resistance  to  rupture  by  com- 
pression and  extension,  it  is  shown  that  the  Favier  formula  can  be 
made  reliable,  an  important  service  has  been  rendered  to  engineering 
science."* 

I  would  myself  add  that  the  discovery  and  the  mathematical  expres- 

#Vol.  iii,  page  126. 
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feature  of  chemical  combination,  does  not  take  place  to  any  great  extent.  The  most 
unquestionable  compounds  of  metals  are  still  metallic  in  their  general  physical  char- 
acters, and  there  is  no  such  transmutation  of  the  individuality  of  their  constituents 
as  takes  place  in  the  combination  of  a  metal  with  oxygen,  or  sulphur,  or  chlorine,  &c. 
The  alteration  of  characters  in  alloys  is  generally  limited  to  the  color,  degree  of  hard- 
ness, tenacity,  &c. 

Messrs.  Oalvert  and  Johnson,41  about  the  year  I860,  made  a  long  series 
of  experiments  on  alloys  and  amalgams  made  with  pure  metals,  with 
the  hope  of  throwing  some  light  upon  the  subject,  and  of  solving  the 
question  "Are  alloys  mixtures  or  compounds!"  They  believe  thatthey 
have  succeeded  in  ascertaining:  First,  the  influence  which  each  addi- 
tional equivalent  quantity  of  a  metal  exerts  on  another;  secondly,  the 
alloys  which  are  compounds  and  those  which  are  simply  mixtures,  for 
compounds  have  special  and  characteristic  properties,  while  mixtures 
participate  in  the  properties  of  the  bodies  composing  them.  They  hold 
that  the  bronze  alloys  are  definite  compounds;  for  each  alloy  has  a 
special  value  of  conductivity  of  heat,  and  also  its  own  specific  gravity, 
and  its  own  rate  of  expansion  or  contraction;  while,  on  the  contrary, 
the  alloys  of  tin  and  zinc  are  mixtures;  for  they  conduct  heat,  have  a 
specific  gravity  and  expand  according  to  theory,  or  according  to  the 
proportions  of  tin  and  zinc  which  compose  each  alloy.  Oalvert  and 
Johnson's  conclusions  are  chiefly  based  upon  their  experiments  on  the 
heat  conductivity  of  the  alloys.  Later  experiments,  made  by  Matthies- 
8en,t  on  the  conducting  power  for  electricity,  led  him  to  different  con- 
clusions. He  experimented  on  upwards  of  250  alloys,  all  made  of 
purified  metals.  The  results  of  his  investigations  are  published  in  a 
valuable  paper,  "  On  the  Chemical  Nature  of  Alloys,"  from  which  we 
transcribe  the  following  classification  of  the  solid  alloys,  composed  of 
two  metals,  according  to  their  chemical  nature.  The  reasons  for  this 
classification  are  given  in  full  in  the  above-named  paper,  but  we  must 
omit  them  here  for  want  of  space. 

1.  Solidified  solutions  of  one  metal  in  another : 

The  lead-tin,  cadmium-tin,  zinc-tin,  lead-cadmium,  and  zinc-cadmium 
alloys. 

2.  Solidified  solutions  of  one  metal  in  the  allotropic  modification  of  an- 
other : 

The  lean-bismuth,  tin-bismuth,  tin-copper,  zinc-copper,  lead-silver,  and 
tin-silver  alloys. 

3.  Solidified  solutions  of  allotropic  modifications  of  the  metals  in  each 
other: 

The  bismuth-gold,  bismuth-silver,  palladium-silver,  platinum-silver, 
gold-copper,  and  gold-silver  alloys. 

4.  Chemical  combinations : 

The  alloys  whose  composition  is  represented  by  Sn5  An,  Sn2  Au  and 
Au2  Sn. 

5.  Solidified  solutions  of  chemical  combinations  in  one  another: 

The  alloys  whose  composition  lies  between  Sn5  Au  and  Sn2  Au,  and 
Sn2  Au  and  Au2  Sn. 

6.  Mechanical  mixtures  of  solidified  solutions  of  one  metal  in  another: 
The  alloys  of  lead  and  zinc,  when  the  mixture  contains  more  than  1.2 

per  cent,  lead  or  1.6  per  cent.  zinc. 

7.  Mechanical  mixtures  of  solidified  solutions  of  one  metal  in  the  allotropic 
modification  oftJie  other : 

The  alloys  of  zinc  and  bismuth,  when  the  mixture  contains  more  than 
14  per  cent,  zinc  or  2.4  per  cent,  bismuth. 

*  See  list  of  Oalvert  and  Johnson's  papers  in  the  appendix, 
t  British  Assoc.  Reports,  1803,  pp.  37-48. 
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8.  Mechanical  mixtures  of  solidified  solutions  of  the  allotropic  modifica- 
tions of  the  two  metals  in  one  anot/ier: 

Most  of  the  silver-copper  alloys. 

Matthiessen,  however,  does  not  claim  that  the  above  classification  is 
not  liable  to  exception.  He  was  obliged  to  assume  that  some  of  the  met- 
als undergo  a  change,  or  are  converted  into  an  allotropic  modification 
in  the  presence  of  another  meial,  in  order  to  explain  some  of  the  .phe- 
nomena which  he  observed,  but  he  admits  that  until  the  allotropic  modi- 
fications have  been  isolated,  the  assumption  must  remain  an  hypothesis. 

To  conclude,  we  can  only  say  that  the  question  is  still  unsettled. 
From  the  marked  peculiarities  of  properties  observed  in  a  few  of  the 
alloys,  we  are  led.to  pronounce  them  chemical  compounds..  Some  others, 
we  must  admit,  are  simple  mixtures,  or  rather,  solidified  solutions.  But 
in  regard  to  the  large  majority  we  are  still  in  doubt.  Further  experiments 
may  throw  more  light  on  the  subject,  but  it  is  probable  that  with  the 
larger  number  of  alloys  it  will  be  found  impossible  to  discover  their  ex- 
act chemical  nature. 

SPECIFIC  GRAVITY, 

The  specific  gravity  of  an  alloy  is  rarely  the  mean  between  the  densi- 
ties of  each  of  its  constituents.  It  is  sometimes  greater  and  sometimes 
less,  indicating,  in  the  former  case  an  approximation,  and  in  the  latter 
a  separatioft  of  the  particles  from  each  other  in  the  process  of  alloving. 
This  subject  has  been  studied  by  several  writers,  and  their  published 
results  agree  quite  closely  in  regard  to  some  of  the  alloys,  but  differ  in 
regard  to  others.  These  differences  may  be  accounted  for  by  the  differ- 
ences in  the  apparatus  used  by  the  experimenters,  by  the  fact  that  some 
determinations  have  been  corrected  for  temperature  and  pressure  of  the 
atmosphere  while  others  were  not,  but  principally  from  the  fact  that 
several  of  the  alloys  are  liable  to  be  very  deficient  in  homogeneity,  and 
that  the  density  of  the  same  alloy  will  vary  according  to  the  conditions 
under  which  it  is  formed,  as  being  cast  too  cold  or  too  hot,  cast  in  iron 
or  in  sand  molds,  &c.  A  bar  cast  in  a  vertical  position  is  apt  to  have 
a  greater  specific  gravity  at  the  bottom  of  the  bar  than  at  the  top.  Re- 
peated fusion  of  an  alloy  also  causes  changes  in  its  density. 

It  is  common  among  authorities  who  publish  determinations  of  spe- 
cific gravities  of  the  alloys,  to  give  the  calculated  as  well  as  the  observed 
specific  gravity.  The  calculated  specific  gravity  is  that  which  the  alloy 
would  have  if  there  were  neither  expansion  nor  condensation  of  the 
metals  during  the  act  of  combination.  Some  writers  have  made  a  mis- 
take in  finding  the  calculated  specific  gravity  by  assuming  it  to  be  the 
arithmetical  mean  between  the  numbers  denoting  the  two  specific  gravi- 
ties, or,  in  other  words,  multiplying  the  percentage  weight  of  each  con- 
stituent by  its  specific  gravity,  adding  the  results  and  dividing  by  100. 
The  specific  gravities  should  be  calculated  from  the  volumes  and  not 
from  the  weights.  Dr.  Ure*  gives  the  correct  rule  as  follows:  Multiply 
the  sum  of  the  weights  into  the  products  of  the  two  specific  gravity 
numbers  for  a  numerator,  and  multiply  each  specific  gravity  number 
into  the  weight  of  the  other  body  and  add  the  products  for  a  denomina- 
tor. The  quotient  obtained  by  dividing  the  said  numerator  by  the  de- 
nominator is  the  truly  computed  mean  specific  gravity  of  the  alloy. 
Expressed  in  algebraic  language,  the  rule  is — 

M_  (W+w)Pp  (l) 

M  "   Pw+pW  '  W 


31  TM 


*  Ure's  Dictionary,  vol.  1,  p.  49. 
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where  M  is  the  mean  specific  gravity  of  the  alloy,  Wand  w  the  weights, 
and  P  and  p  the  specific  gravities  of  the  constituent  metals.  Calvert 
and  Johnson*  seem  to  have  fallen  into  the  error  just  mentioned,  and 
the  expansion  and  condensation  of  different  alloys  as  given  by  them  is 
not  strictly  correct.  Professor  Bolley  has  also  committed  the  same,  as 
shown  by  Matthiessen.t 

The  observed,  or  real,  specific  gravities  of  the  alloys,  however,  pub- 
lished by  these  writers,  are  not  affected  by  the  error  named,  and  they 
are.  no  doubt,  worthy  of  acceptance. 

The  valuable  compilation  of  the  "Constants  of  Nature,"]:  published 
by  the  Smithsonian  Institution,  contains  a  full  table  of  specific  gravities 
of  the  alloys,  with  tbe  names  of  about  twenty -five  authorities.  Of  these, 
the  principal  are  Mallet,§  Calvert  and  Johnson, ||  Matthiessen,^  and 
Riche.** 

The  following  table  of  the  alloys  whose  density  is  greater  or  less  than 
the  mean  of  their  constituents,  is  giv^en  by  several  writers: 


Alloys,  the  density  of  which  is  greater  than  the 
mean  of  their  constituent*. 

Gold  and  zinc. 
Gold  and  tin. 
Gold  and  bismuth. 
Gold  and  antimony. 
Gold  and  cobalt. 
Silver  and  zinc. 
Silver  and  tin. 
Silver  and  bismuth. 
Silver  aud  antimony. 
Copper  and  zinc. 
Copper  and  tin. 
Copper  and  palladium. 
Copper  and  bismnth. 
Lead  and  antimony. 
Piatinnm  and  molybdenum. 
Palladium  and  bismuth. 


Alloys,  the  density  of  which  is  less  than  the  mo 
of  their  constituents. 

Gold  and  silver. 

Gold  and  iron. 

Gold  and  lead. 

Gold  and  copper. 

Gold  and  iridium.  • 

Gold  and  nickel. 

Silver  and  copper. 

Iron  and  bismuth. 

Iron  and  antimony. 

Iron  and  lead. 

Tin  and  lead. 

Tin  and  lead. 

Tin  and  palladium. 

Nickel  and  arsenic. 

Zinc  and  antimony. 


The  above  table  is  probably  inaccurate  in  many  respects.  Calvert  and 
Johnson  agree  with  Matthiessen  in  giving  the  density  of  the  alloys  of 
lead  and  antimony  as  less  than  the  mean  of  the  constituents,  and  Mat- 
thiessen shows  the  alloys  of  lead  and  gold  to  have  a  greater  density 
than  the  mean  of  their  constituents.  Some  alloys  of  tin  and  gold  and 
of  bismuth  and  silver  are  shown  by  Matthiessen  to  have  a  greater,  and 
some  a  less,  density  than  the  mean  of  their  constituents,  and  the  same 
is  true  of  the  alloys  of  some  other  metals. 

FUSIBILITY. 

A  remarkable  property  of  many  of  the  alloys  is  their  great  fusibility. 
In  nearly  all  cases  the  fusing  point  of  an  alloy  is  lower  than  the  mean 
of  its  constituent  metals,  and  in  some  instances,  as  in  the  so-called  fusi- 
ble alloys,  it  is  lower  than  that  of  either.  The  cause  of  this  fact  has 
not  been  definitely  ascertained.  Some  regard  it  as  a  proof  that  the 
alloy  is  a  distinct  chemical  compound,  but  most  authorities  differ  from 

•Phil.  Mag.,  vol.  18, la^, pp.  &54-359. 
tJour.  Chem.  Soc,  vol.  15, 1862,  pp.  30,106. 

X  Constants  of  Nature,  published  by  the  Smithsonian  Institution,  Washington,  D.  C, 
1873. 
J  Phil.  Mag.,  vol.  21, 1842,  pp.  66-68. 
II  Phil.  Mag.,  vol.  18, 1859,  pp.  354-359. 
If  Phil.  Trans^  I860,  pp.  177-184. 
*  *  Camptea  Mmdu*,  vol.  55, 1862,  pp.  143-147. 
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this  view.  Matthiessen*  supposes  that  chemical  combinations  may  exist 
in  the  fnsed  mass,  which  suffer  decomposition  on  cooling  or  solidifying. 
He  says  that  the  low  fusing  points  admit  of  explanation  by  assuming 
that  chemical  attraction  between  the  two  metals  comes  into  play  as  soon 
as  the  temperature  rises,  and  the  moment  the  smallest  portions  melt, 
then  the  actual  chemical  compound  is  formed  which  fuses  at  the  lowest 
temperature,  and  then  acts  as  a  solvent  for  the  particles  next  to  it,  and 
so  promotes  the  combination  of  the  metals  where  this  can  take  place. 

In  another  placet  Matthiessen  remarks  that  all  mixtures  have  a  lower 
fhsing  point  than  the  mean  of  the  substances  forming  the  mixture;  for 
instance,  salt-water  solidifies  below  zero,  and  a  mixture  of  the  chlorides 
of  sodium  and  potassium  fuses  at  a  lower  point  than  the  mean  of  the 
fusing  points  of  the  components. 

This  fact,  he  believes,  admits  of  explanation  as  follows : 

It  is  generally  admitted  that  matter  in  the  solid  state  exhibits  an  excess  of  attrac- 
tion over  repulsion,  while  in  the  liquid  state  these  forces  are  balanced,  and  in  the 
gaseous  state  repulsion  predominates  over  attraction.  Let  us  assume  that  similar 
particles  of  matter  attract  each  other  more  powerfully  than  dissimilar  ones.  It  will 
then  follow  that  the  attraction  subsisting  between  the  particles  of  a  mixture  will  be 
sooner  overcome  by  rr pulsion  than  in  the  case  of  a  homogeneous  body ;  hence  mixtures 
should  fuse  more  readily  than  their  constituents. 

Some  alloys  have  been  observed  to  fuse  at  one  point  and  solidify  at  a 
lower  one;  for  example,  the  tin-lead  alloys,  which  all  solidify  at  181°  C, 
but  the  fusing  point  of  which  varies  with  the  different  proportions  of  the 
component  metals  from  181°  C.  to  292°  O. 

Concerning  these  alloys,  PillichodyJ  remarks  as  follows: 

When  the  points  of  solidification  are  observed  by  immersing  the  thermometer  in  the 
melted  alloy,  it  usually  exhibits,  during  the  passage  of  the  mass  from  the  liquid  to 
the  solid  state,  two  stationary  points.  This  effect  is  due  to  the  separation  of  one  or 
other  of  the  component  metals,  while  an  alloy  of  constant  composition  still  remains 
liquid.  This  alloy  correspond*  to  the  composition  Sn3  Pb.  An  allov  richer  in  lead 
would  first  deposit  lead,  and  an  alloy  containing  a  larger  proportion  of  tin  would  first 
deposit  tin — the  alloy  Sn3  Pb  remaining  liquid  for  a  longer  or  shorter  time,  and  ulti- 
mately solidifying  at  181°  C.  This  temperature  therefore  corresponds  to  the  lowest 
melting  point  that  can  be  exhibited  by  an  alloy  of  tin  and  lead,  a  larger  proportion 
of  either  metal  causing  the  melting  point  to  rise. 

With  the  exception  of  the  alloys  of  tin  and  lead,  and  the  fusible  alloys, 
the  fusing  points  of  but  few  of  the  alloys  have  been  determined.  An 
accurate  pyrometer  for  temperatures  above  red  heat  is  greatly  needed 
for  this  purpose.  The  "Constants  of  Nature,"  while  it  has  the  specific 
gravities  of  several  hundred  alloys,  gives  the  melting  points  of  only  six, 
exclusive  of  the  fusible  alloys  and  those  of  lead  and  tin.  Mallet  §  gives 
the  relative  fusibility  of  the  several  alloys  of  copper  and  tin  and  copper 
and  zinc,  and  shows  that  their  fusibility  increases  regularly  as  the  pro- 
portion of  copper  in  the  alloy  diminishes. 

Some  alloys  in  passing  from  the  liquid  to  the  solid  state  do  not  change 
at  once,  but  remain  for  some  time  in  a  pasty  condition.  Their  tempera- 
ture of  solidification,  therefore,  cannot  be  distinctly  recognized.  This 
is  the  case  with  an  alloy  of  the  composition  Bi,  Pb  Sn„  which  is  fusible 
in  boiling  water,  but  which  remains  in  a  pasty  condition  through  an 
interval  of  several  degrees  of  temperature,  so  that  it  can  be  handled 
like  a  plaster. 

M.  Person  ||  made  experiments  upon  the  alloys  Bi3  Pb,  Sn,  (D'Ar- 

*  British  Assoc.  Reports,  1863,  p.  42. 
t  Jour.  Chem.Soc,  vol.  5,  1867,  p.  207. 
X  Jour.  Chem.  Soc.,  vol.  .15,  1862,  p.  30. 
$  Phil.  Mag.,  vol.  21, 1842,  pp.  66-6U 
|  Comptes  Rendue,  vol.  25,  1847,  pp.  444-446. 
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cet's  alloy,  fusible  at  96°  0.)>  Bi,  Pb  Sn,  (fusible  in  boiling  water),  and  Bi 
Pb  Sn,  (ftisible  at  145°  C),  and  formed  the  conclusion  that  it  is  possible 
to  assign  in  advance  the  heat  necessary  to  fuse  an  alloy,  if  that  required 
to  fuse  each  of  its  component  metals  is  known.  He  gives  the  formula 
(160  +  t)  #  =  ly  in  which  t  is  the  temperature  at  which  fusion  is  effected; 
for  example,  332^  C.  for  lead  if  melted  alone,  but  only  96°  C.  if  melted 
in  D'Arcet's  fusible  alloy ;  I  is  the  expenditure  of  heat  necessary  to  pro- 
duce the  fusion;  that  is,  a  certain  number  of  calories  (1  calorie  =  3.96 
British  thermal  units)  variable  with  i;  #  is  the  difference  of  the  specific 
heats  of  the  liquid  and  solid.  If  t  and  I  are  known,  #  can  be  found.  In 
the  case  of  tin,  t  =  235,  I  =  14.3,  from  which  tf  =  0.0362.  Having  this 
value  of  #,  it  is  easy  to  calculate  the  heat  necessary  to  melt  tin  at  any 
temperature  whatever,  for  instance  at  96°  C,  for  which  we  find  9.3  cal. 
Making  the  same  calculation  for  bismuth  aud  for  lead  we  find  7.382  and 
2.7  cal.  It  only  remains  to  take  these  numbers  in  the  proportion  in 
which  each  metal  exists  in  the  alloy,  which  gives  a  little  less  than  6.3 
calories ,  which  differs  from  the  number  found  by  experiment  (6  cals.) 
only  0.3  cal. 

Nothing  appears  to  have  been  written  upon  this  branch  of  the  sub- 
ject since  M.  Person's  paper  was  published,  but  it  is  probable  that  if  the 
investigation  was  pursued  further  our  knowledge  of  the  causes  of  the 
remarkable  fusibility  of  the  alloys  would  be  much  increased. 

M.  Kiche*  has  determined  the  melting  points  of  certain  alloys  of  tin 
and  copper,  by  means  of  Becquerel's  thermo-electric  pyrometer.  He 
obtained  concordant  results  with  the  alloys  Sn  Cu3  and  Sn  Cu4,  but  with 
all  other  alloys  the  results  differed  widely  among  themselves. 

W.  O.  Eoberts,t  chemist  to  the  British  mint,  has  published  a  series  of 
determinations  of  the  melting  points  of  several  alloys  of  silver  and  cop- 
per. The  temperature  was  estimated  by  finding  the  amount  of  heat 
contained  in  awrough;-iron  cylinderof  known  weight  which  was  dropped 
into  the  melted  alloy  while  in  the  furnace,  and  removed  as  soon  as  the 
mass  showed  signs  of  solidifying.  The  specific  heats  of  the  iron  and  of 
the  alloy  were  the  data  used  in  the  calculation.  The  alloy,  composed  of 
630.29  parts  of  silver  and  369.71  parts  of  copper,  corresponding  to  the 
formula  Ag  Cu,  showed  the  lowest  fusing  point,  or  846.8°  C;  that  of 
pure  copper  being  1330°  0.,  and  that  of  pure  silver  1040°  C. 

LIQUATION. 

Many  of  the  alloys  exhibit  the  phenomena  of  liquation,  or  separation 
of  the  mass  of  melted  metal  in  the  act  of  solidification  into  two  or  more 
alloys  of  different  composition.  The  resulting  alloy  or  mixture  of  alloys 
is  consequently  deficient  in  homogeneity.  The  causes  of  this  separation 
are  as  yet  but  imperfectly  understood.  Some  observations  seem  to  show 
that  an  alloy  of  constant  composition  and  of  a  comparatively  high  fusing 
point  solidifies  first  in  crystals  disseminated  throughout  the  mass,  while 
the  remainder  of  the  melted  metal  remains  fluid  for  a  longer  time,  and 
finally  solidifies  around  and  among  these  crystals.  This  fact  would 
tend  to  prove  that  the  first  alloy  solidified  was  a  distinct  chemical  com- 
pound, but  it  has  been  shown  that  crystals  of  exactly  the  same  appear- 
ance have  been  formed  from  two  metals  in  a  wide  range  of  proportions. 

The  different  circumstances  under  which  the  separated  alloys  may  be 
formed,  such  as  the  heat  of  the  metal  when  poured  into  the  mold,  and 
the  fact  of  slow  or  of  rapid  cooling,  are  known  to  have  some  influence 

•  Ann.  de  Chim.,  vol.  30, 1873,  p.  351. 
tProo.  Roy.  Soc,  vol.  23,  1875,  pp.  481-495. 
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upon  the  amount  of  liquation,  or  the  difference  of  composition  of  differ- 
ent parts  of  the  same  casting,  but  this  influence  is  not  exerted  upon  all 
alloys  in  the  same  direction,  some  alloys  being  affected  in  one  way  and 
some  in  another  by  the  same  manner  of  treatment.  The  bronze  alloys, 
such  an  gun-metal,  are  said  to  have  the  liquation  diminished  by  rapid 
cooling.  When  the  mass  is  cooled  slowly,  bronze  castings  often  show  in 
the  interior  what  are  called  spots  of  tin,  but  what  are  really  spots  of  a 
white  alloy  of  copper  and  tin;  containing  a  larger  percentage  of  tin  than 
the  average  of  the  whole  casting.  When  slowly  cooled,  also,  the  bottom 
of  the  casting  is  often  found  to  contain  a  larger  percentage  of  copper 
than  the  top.  When  cooled  rapidly,  however,  as  shown  in  the  experi- 
ments of  General  Uchatius  *  in  casting  cannon  in  chilled  molds,  the 
liquation  is  reduced  to  a  minimum,  and  the  resulting  alloy  is  more 
homogeneous. 

Levol  t  made  some  experiments  on  the  liquation  of  the  alloys  of  silver 
and  copper,  and  concluded  that  the  only  homogeneous  alloy  of  these  two 
metals  was  the  one  whose  composition  is  .718.97  parts  of  silver  and  281.07 
parts  of  copper,  corresponding  to  the  formula  Ag3  Cu2,  and  that  all  the 
others  are  liable  to  more  or  less  liquation.  It  has  lately  been  shown, 
however,  by  Mr.  W.  C.  Koberts,}  chemist  to  the  British  mint,  that  this 
alloy  is  only  homogeneous  when  cooled  rapidly.  If  the  cooling  is  slowly 
effected,  it«  homogeneity  is  disturbed,  the  external  portions  being  slightly 
richer  in  silver  than  the  center. 

Mr.  Roberts  made  several  determinations  of  the  liquation  of  other 
alloys  of  silver  and  copper,  and  found  that  the  arrangement  of  an  alloy 
is  to  a  great  extent  dependent  on  the  rate  at  which  it  is  cooled,  and  that 
several  alloys  of  silver  and  copper  are  under  suitable  conditions  as  homo- 
geneous as"  LevoPs  alloy.  The  alloy  of  925  parts  silver  and  75  parte 
copper  was  found  to  be  nearly  homogeneous  when  cooled  very  slowly,  the 
composition  of  the  corners  and  center  of  a  cube  45  millimeters  on  a  side 
showing  a  maximum  difference  of  only  1.4  parts  in  1,000,  while  the  same 
when  cooled  rapidly  showed  a  difference  of  12.8  parts  in  1,000. 

Col.  J.  T.  Smith  §  relates  in  reference  to  some  experiments  made  by 
him  on  the  alloy  of  silver  and  copper  containing  91$  percent,  of  silver, 
that  the  separation  of  the  constituent  parts  of  the  alloy  was  not  so  much 
due  to  the  rapidity  or  slowness  with  which  the  heat  of  the  fluid  metal 
was  abstracted,  as  to  the  inequality  affecting  its  removal  from  the  differ- 
ent parts  of  the  melted  mass  in  the  act  of  consolidation.^  Thus,  if  a  cru- 
cible full  of  the  melted  alloy  were  lifted  out  of  the  furnace  and  placed 
on  the  floor  to  cool,  the  surface  of  the  melted  metal  within  it  being  well 
covered  with  a  thick  layer  of  hot  ashes,  the  lower  parts  of  the  mass  after 
it  had  become  solid  would  be  found  to  contain  less  silver  in  proportion 
than  the  upper  surface. 

If,  on  the  other  hand,  the  crucible  were  left  to  cool  while  imbedded  in 
the  furnace,  the  upper  surface  being  exposed  to  the  air,  then  the  lower 
parts  would,  after  solidification,  be  found  finer  than  the  upper  surface. 

Kiche||  has  made  several  experiments  on  the  liquation  of  the  alloys  of 
copper  and  tin.  Ho  remarks  that  to  manifest  the  property  of  liquation, 
it  is  necessary  to  agitate  the  crucible  containing  the  melted  alloy,  at  the 
moment  of  solidification,  in  order  to  separate  the  small  crystals  already 
formed.    The  results  obtained  on  the  last  product,  remaining  liquid  in  a 

*  Ordnance  Notes  No.  XL,  Washington,  D.  C,  1875. 

iAnn.  de  Chim.,  vol.  36,  1852,  pp.  193-224. 
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mass  weighing  1,000  to  J  ,200  grammes,  showed  a  remarkable  liquation 
of  all  the  alloys  of  copper  and  tin  except  those  corresponding  to  the  for- 
mulae JSu  Cu3  and  Sn  Cu4. 

Several  other  alloys  exhibit  like  phenomena  to  an  even  greater  extent 
than  those  above  mentioned.  Matthiessen  and  Von  Bose  experimented 
upon  alloys  of  lead  and  zinc  and  bismuth  and  zinc,  melting  the  metals 
together  in  various  proportions,  and  found  that  one  end  of  a  bar  would 
have  an  excess  of  one  metal  and  the  other  end  an  excess  of  the  other. 
Alloys  of  copper  and  lead  containing  an  excess  of  lead  show  a  liqua- 
tion in  a  remarkable  degrees,  the  excess  of  lead  partly  oozing  out  from 
the  mass  on  cooling. 

SPECIFIC  HEAT. 

The  published  determinations  of  the  specific  heat  of  the  alloys  are  not 
numerous.  This  results  not  from  any  difficulty  of  making  the  observa- 
tions, but  probably  because  they  have  not  been  considered  of  such  prac- 
tical importance  as  those  of  other  properties,  and  partly,  also,  because  M. 
Regnault's*  determinations,  made  in  1841,  and  his  deductions  therefrom, 
are  accepted  as  final. 

M.Regnault  determined  the  specific  heat  of  two  classes  of  alloys:  first, 
those  which  at  100°  C.  are  considerably  removed  from  their  fusing  points; 
and,  secondly,  those  which  fuse  at  or  near  100°  O.  The  specific  heats 
of  the  first  series  were  remarkably  near  to  that  calculated  from  the 
specific  heats  of  the  component  metals,  so  that  he  announced  the  follow- 
ing law : 

"  The  specific  heat  of  the  alloys,  at  temperatures  considerably  removed  from 
their  fusing  point,  is  exactly  the  mean  of  the  specific  lieats  of  the  metals 
which  compose  them? 

The  mean  specific  heat  of  the  component  metals  is  that  obtained  by 
multiplying  the  specific  heat  of  each  metal  by  the  percentage  amount  of 
the  metal  contained  in  the  alloy  and  dividing  the  sum  of  the  products 
for  each  alloy  by  100. 

A  curious  fact  discovered  in  regard  to  these  alloys  is  also  that  the 
product  of  the  specific  heat  of  each  alloy  by  its  atomic  weight  is  sensibly 
constant,  varying  in  the  whole  series  only  from  40.76  to  42.05. 

The  second  series  of  alloys,  or  those  which  fuse  at  a  temperature  at 
or  near  100°  C,  show  a  wide  divergence  from  the  above  law,  the  specific 
heats  of  all  of  these  being  much  higher  than  that  calculated  from  their 
constituents.  The  product  of  the  specific  heats  by  the  atomic  weights 
varied  also,  from  45.83  to  72.97. 

Matthiessen  t  describes  a  simple  arrangement  of  the  differential  ther- 
mometer for  the  purpose  of  showing  that  the  specific  heat  of  an  alloy  is 
the  same  as  the  mean  of  those  of  its  components. 

EXPANSION  BY  HEAT. 

The  expansion  of  the  alloys  by  heat  has  been  examined  by  Messrs. 
Calvert  and  Lowe,f  with  a  view  to  learn  whether  their  expansion  followed 
the  law  of  the  proportions  of  their  com  ponents.  Four  series  of  alloys  were 
examined,  namely,  those  of  zinc  and  tin,  lead  and  antimony,  zinc  and 
copper,  and  copper  and  tin.  In  each  case  the  expansion  was  less  than 
that  deduced  by  calculation  from  their  equivalents. 

*Ann.  de  Chim.,  vol.  1,  1841,  pp.  129-207. 
t  Jour.  Chem.  Soc,  vol.  5,  1867,  p.  205. 
t  Chem.  News,  vol.  3,  1861,  p.  315. 
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In  alloyfc  of  copper  with  tin,  it  was  found  that  where  only  a  small 
quantity  of  tin  entered  into  the  composition  of  a  bar,  the  expansion  fell 
considerably  below  that  of  pure  copper,  although  the  tin  added  has  a 
much  higher  rate  of  expansion  than  copper.     ' 

From  experiments  made  by  Messrs.  Calvert  and  Lowe  upon  the  ex- 
pansion of  chemically  pure  metals,  they  conclude  that  a  very  small  pro- 
portion of  impurity  has  a  marked  influence  upon  the  expansion.  Their 
results  differed  largely  from  those  of  other  experimenters  who  used  only 
the  commercial  metals;  but  when  they,  too,  used  commercial  metals,  the 
results  agree. 

The  alloys  upon  which  they  experimented  were  also  formed  from  pure 
metals,  and  on  account  of  the  difficulty  of  procuring  these  in  sufficient 
quantity,  the  bars  experimented  on  were  very  small,  being  only  CO  millim- 
eters, or  less  than  2£  inches  long.  The  apparatus  used,  however,  as 
described  at  length  in  the  u  Chemical  News,"  was  so  sensitive,  that  an  ex- 
pansion of  d6&oa  °f  an  incb  could  readily  be  observed. 

If  experiments  were  made  upon  alloys  formed  from  the  ordinary  com- 
mercial metals,  it  would  probably  be  found  that  their  rate  of  expansion 
would  differ  considerably  from  that  of  alloys  formed  from  pure  metals. 

The  molecular  condition  of  a  metal  was  observed  to  have  an  impor- 
tant influence  on  the  rate  of  expansion.  The  same  will  no  doubt  be 
found  true  in  the  case  of  alloys. 

Matthiessen*  states  that  the  expansion  due  to  heat  of  the  metals 
takes  part  in  that  of  their  alloys  approximately  in  the  ratio  of  their 
relative  volumes.  He  gives  a  table  of  the  expansion  of  several  alloys 
which  tends  to  confirm  his  statement. 

CONDUCTIVITY  FOE  HEAT. 

The  power  of  the  alloys  to  conduct  heat  has  been  examined  with  great 
care  by  several  experimenters.  The  published  results  are  not  always 
concordaut,  but  the  differences  may  be  partially  accounted  for  by  the 
various  kinds  of  apparatus  used,  and  the  great  influence  which  small 
impurities  and  changes  in  molecular  condition  and  crystalline  form  exert 
upon  conductivity. 

The  conducting  power  for  heat  in  an  alloy  is  found  in  some  cases  to 
be  the  mean  of  the  conducting  power  of  the  component  metals,  and  in 
others  to  apparently  have  no  relation  whatever  to  such  mean.  As  ex- 
amples of  the  first  case  may  be  cited  the  alloys  of  tin  and  zinc  .and  tin 
and  lead;  and  of  the  second,  the  alloys  of  gold  and  silver  and  gold  and 
copper.  From  this  circumstance  it  has  been  expected  that  the  heat-con- 
ducting power  could  be  used  as  a  means  of  determining  whether  an 
alloy  is  a  chemical  compound  or  a  simple  mixture.  As  before  stated, 
however,  the  authorities  differ  widely  on  this  point. 

Messrs.  Weidemaun  and  Franz,t  in  1853,  made  some  experiments  on 
the  conducting  power  of  the  metals  and  of  a  few  of  the  alloys,  using  a 
thermo-electroscope  as  an  apparatus. 

In  1858,  Calvert  and  Johnson}  made  an  extensive  research  on  alloys 
formed  from  pure  metals,  using  an  apparatus  of  their  own  invention, 
by  which  the  relative  conducting  power  was  shown  by  the  rise  in  tem- 
perature in  a  given  time  of  a  given  volume  of  water  secured  in  a  box  at 
one  end  of  the  bar,  while  the  other  end  of  the  bar  was  heated  to  90°  C. 
They  claim  that  the  method  which  they  employed  gave  such  consistent 

*  Jour.  Chem.  8oc,  vol.  5,  1867,  p.  206. 
\Pogg.  Annalen,  vol.  89,  1853,  pp.  497-531. 
tPhif.  Trans.,  1858,  pp.  349-368. 
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results,  that  they  were  able  to  determine  the  influence  exercised  on  the 
conducting  power  of  the  metals  by  the  addition  of  1  or  2  per  cent,  of 
another  metal,  and  also  to  appreciate  the  difference  of  conductivity  of 
two  alloys  made  of  the  same  metals  and  only  differing  by  a  few  per  cent, 
in  the  relative  proportions  of  the  metals  composing  them.  They  found 
also  that  the  conducting  power  of  metals  was  dittereut  when  they  werts 
rolled  out  into  bars  or  cast,  and  that  it  was  modified  by  molecular  ar- 
rangement or  position  of  the  axes  of  crystallization,  as  was  shown  by 
the  different  conducting  power  of  metals  cast  horizontally  and  vertically. 
Some  curious  results  were  observed  in  regard  to  alloys  of  gold  and  silver. 
Silver  being  the  best  conductor,  its  conductivity  is  rated  as  1,000,  and 
that  of  gold,  the  next,  is  981;  but  gold  alloyed  with  1  per  cent,  of  silver 
has  a  relative  conductivity  of  only  840. 

The  conduction  of  heat  by  alloys,  according  to  Calvert  and  Johnson, 
may  be  considered  under  three  general  heads: 

1.  Alloys  which  conduct  heat  in  ratio  with  the  relative  equivalents  of  the 
metals  composing  them. 

2.  Alloys  in  which  there  is  an  excess  of  equivalents  of  the  icorse  conduct- 
ing metal  over  the  number  of  equivalents  of  the  better  conductor,  such  as 
alloys  composed  of  1  Cu  and  2  Sn,  1  Gu  and  3  Su,  &c.,  and  which  pre- 
sent the  curious  and  unexpected  rule  that  they  conduct  Jieat  as  if  they  did 
not  contain  a  particle  of  the  belter  conductor,  the  conducting  power  of  such 
alloys  being  the  same  as  if  the  bar  was  entirely  composed  of  the  worse  con- 
ducting metal.  A  not  less  remarkable  fact  is  that  the  alloys  of  a  series, 
such  as  those  of  2  equivalents  of  bismuth  and  1  of  lead,  3  Bi  and  1  Pb, 
4  Bi  and  1  Pb,  all  conduct  heat  alike,  the  various  increasing  quantities 
of  lead  exercising  no  influence  on  the  conductivity. 

The  results  obtained  with  this  class  of  alloys  are  most  important  to 
engineers;  for  it  will  be  seen  in  the  case  of  alloys  of  brass  and  bronze 
that  no  increase  is  gained  in  the  conductivity  of  an  alloy  by  increasing 
the  quantity  of  a  good  conductor;  nay,  in  many  cases  it  would  be  a 
decided  loss,  unless  a  sufficient  quantity  of  the  better  conducting  metal 
be  employed  to  bring  the  alloy  under  the  third  head. 

3.  Alloys  composed  of  the  same  metals  as  the  last  class,  but  in  which  the 
number  of  equivalents  of  the  better  conducting  metal  is  greater  than  the  num- 
ber of  equivalents  of  the  worse  conductor;  for  example,  alloys  composed 
of  1  Su  2  Cu,  1  Sn  3  Cu,  &c.  In  this  case  each  alloy  has  its  own  arbi- 
trary conducting  power;  the  conductivity  of  such  an  alloy  gradually 
increases  and  tends  towards  the  conducting  power  of  the  better  con- 
ductor. 

In  a  later  experiment  upon  the  conductivity  of  mercury  and  the  amal- 
gams, Calvert  and  Johnson*  discovered  that  they  had  made  a  great 
mistake  in  their  first  experiment  in  determining  the  conductivity  of  mer- 
cury, by  disregarding  the  fact  that  convection  of  the  liquid  increased 
the  apparent  conductivity.  In  the  first  experiments  they  found  the  ap- 
parent relative  conductivity  to  be  677,  silver  being  1,000;  but  in  the  later 
experiments  they  determined  the  real  relative  conductivity  to  be  only  54, 
or  less  than  that  of  any  other  metal.  In  regard  to  the  fluid  amalgams, 
they  found  in  all  cases  that  their  conductivity  was  nearly  the  same  as 
that  of  pure  mercury. 

Weidemann,  t  in  1859,  published  a  paper  in  which  he  calls  in  question 
the  accuracy  of  the  results  found  by  Calvert  and  Johnson,  and  criticises 
the  apparatus  they  used  and  the  small  size  of  the  bars  upon  which  they 

Thil.  Trans.,  1859,  pp.  831-835. 

iPogg.  Annalen,  vol.  106,  1859,  pp.  393-406. 
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experimented.    He  also  gives  the  results  of  some  experiments  which  he 
has  made  upon  the  conductivity  of  a  few  alloys. 

Matthiessen*  describes  a  simple  apparatus  for  showing  the  different 
conductivities  of  alloys.  He  also  states  that  the  conductivity  for  heat 
furnishes  no  evidence  of  whether  an  alloy  is  a  chemical  compound  or  a 
mixture. 

CONDUCTIVITY  FOE  ELECTRICITY. 

The  conductivity  for  electricity,  like  the  conductivity  for  heat,  is  one 
of  the  properties  which  in  some  alloys  is  the  mean  of  that  of  the  compo- 
nent metals,  and  in  others  seems  to  have  no  relation  whatever  to  such 
mean. 

There  have  been  a  large  number  of  experiments  made  upon  the  elec- 
tric conductivity  of  the  alloys,  but  in  this,  as  in  the  examination  of  other 
properties,  with  widely  vary ing  results.  In  the  first  place,  the  determi- 
nations of  the  conducting  powers  of  the  metals  themselves  are  far  from 
agreeing,  as,  for  instance,  the  conductivity  of  copper,  according  to  dif- 
ferent experimenters,  is  given  at  numbers  ranging  from  C6  to  100,  pure 
silver  being  100. 

Again,  Matthiessen  t  has  shown  that  small  traces  of  the  metals,  and 
especially  of  the  metalloids,  reduce  the  conductivity  of  copper  to  a  great 
extent.  He  states,  also,  that  there  is  no  alloy  of  copper  which  conducts 
electricity  better  than  pure  copper,  and  that  the  fact  of  the  wires  exper- 
imented upon  being  annealed  or  hard  drawn  causes  a  marked  difference 
in  the  values  obtained,  annealed  wire  being  a  better  conductor  than  hard 
drawn ;  and,  further,  that  temperature  has  likewise  a  marked  influence, 
the  metals  losing  in  conducting  power  as  the  temperature  increases. 

In  1833,  Professor  Forbes  J  publishedthe  statement  that  the  order  of 
conducting  powers  of  the  metals  for  heat  and  for  electricity  is  the  same. 
He  states,  as  a  general  conclusion,  "  that  the  arrangement  of  metallic 
conductors  of  heat  does  not  differ  more  from  that  of  those  of  electricity 
than  either  arrangement  does  alone  under  the  hands  of  different  observ- 
ers." 

Twenty  years  later,  Weidemann  and  Franz  §  arrived  at  the  same  con- 
clusion in  regard  to  brass  and  German  silver,  and  Weidemann  ||  in  1859 
coucluded  the  same  in  regard  tc  alloys  in  general.  Weidemann  and 
Franz  remarked  that  whatever  the  quality  may  be  upon  which  calorific 
conduction  depends,  the  close  agreement  of  the  figures  renders  it  exceed- 
ingly probable  that  the  same  quality  influences  in  a  similar  manner  the 
transmission  of  electricity;  for  the  divergence  of  the  numbers  express- 
ing the  conductivity  for  heat  from  those  expressing  the  conductivity  for 
electricity  are  uot  greater  than  the  divergences  of  the  latter  alone,  ex- 
hibited by  the  results  of  different  observers. 

The  most  extensive  series  of  investigations  upon  the  electric  conduc- 
tivity of  alloys  has  been  made  by  Matthiessen.  His  results  are  published 
in  the  following  papers:  "On  the  Electric  Conducting  Power  of  the  Met- 
als" ;fl  "On  the  Electric  Conducting  Power  of  Alloys";**  "On  the 
Influence  of  Temperature  on  the  Ele«  trie  Conducting  Power  of  Alloys  ":tt 
"  On  theThermo-Electric  Series ":tJ  "On  the  Effectof  the  Presence  of  the 

•Jour.  Chem.  Soc.,  vol.  5,  18G7,  p.  213. 

t  Phil.  Trans.,  I860,  pp.  85-92. 

X  Phil.  Mag.,  vol.  4.  1834,  p.  27. 

i  Pogg.  Annalen,  vol.  89,  1853,  pp.  497-531. 
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Metals  and  Metalloids  upon  the  Electric  Conducting  Power  of  Pure 
Copper";*  "On  the  Chemical  Nature  of  Alloys".! 

It  was  chiefly  from  these  researches  that  Matthiessen  arrived  at  the 
conclusions  in  regard  to  the  questiou  whether  alloys  are  chemical  com- 
pounds or  mixtures,  which  have  already  been  given  under  the  head  of 
the  chemical  nature  of  alloys. 

In  regard  to  the  conducting  power  for  electricity  of  the  alloys,  Mat- 
thiessen divides  the  metals  into  two  classes: 

Class  A. — Those  metals  which,  when  alloyed  with  one  another,  con- 
duct electricity  in  the  ratio  of  their  relative  volumes. 

Class  B. — Those  metals  which,  when  alloyed  with  one  of  the  metals 
belonging  to  class  A,  or  with  one  another,  do  not  conduct  electricity  in 
the  ratio  of  their  relative  volumes,  but  always  in  a  lower  degree  than 
the  mean  of  their  volumes. 

To  Class  A  belong  lead,  tin,  zinc,  and  cadmium.  To  class  B  belong 
bismuth,  mercury,  antimony,  platinum,  palladium,  iron,  aluminum,  gold, 
copper,  silver,  and  in  all  probability  most  of  the  other  metals. 

CRYSTALLIZATION. 

The  crystallization  of  alloys  exhibits  some  curious  phenomena.  It 
was  formerly  supposed  that  if  a  distinct  crystal  of  an  alloy  were  found, 
it  would  have*  a  definite  chemical  composition,  and  would  show  that  the 
alloy  was  not  a  mixture,  but  a  veritable  chemical  compound. 

In  1854,  however,  Prof.  J.  P.  Cooke  J  published  a  paper  on  two  crys- 
talline compounds  of  zinc  and  antimony,  which  exhibited  such  proper- 
ties as  justified  him  in  considering  them  definite  chemical  compounds. 
To  distinguish  them,  he  gave  them  the  names  of  Stibiotrizincyle,  with 
the  formula  Sb  Zn3,  and  Stibiobizincyle,  with  the  formula  Sb  Zn2.  In 
the  paper  named,  the  crystalliue  form  and  other  properties  are  fully  de- 
scribed. 

A  short  time  afterward,  it  was  found  that  well-defined  crystals,  like 
those  described  as  Sb  Zn3,  were  obtained  from  the  alloys  containing  be- 
tween 43  and  60  per  cent,  of  zinc;  and  even  in  alloys  of  a  higher  zinc 
percentage  crystals  of  the  same  form  were  still  seen,  although  they  were 
no  longer  well  defined.  In  the  alloys  containing  between  20  and  33  per 
cent,  of  zinc,  well-defined  crystals,  like  those  described  as  Sb  Zn„  were 
formed;  and  finally,  there  separated  from  the  alloys  containing  between 
33  and  42  per  cent,  of  zinc,  thin  metallic  plates,  which  evidently  belonged 
to  the  same  crystalline  form.§ 

The  same  fact  has  been  observed  by  Matthiessen  and  Von  Bose  ||  in 
regard  to  the  alloys  of  gold  and  tin,  namely,  that  well-defined  crystals 
are  not  limited  to  one  definite  proportion  of  the  constituents  of  an  alloy, 
but  are  common  to  all  gold-tin  alloys  containing  from  43  to  27.4  per  cent, 
of  gold.  They  also  found  in  the  case  of  these  alloys  that  the  crystals 
and  the  mother  liquor  were  never  of  the  same  composition,  the  percent- 
age  of  gold  in  the  mother  liquor  being  much  below  that  in  the  crystals. 

From  experiments  by  F.  H.  Storer,fl  it  appears  that  the  alloys  of  cop- 
per and  zinc  yield  crystals,  sometimes  exhibiting  distinct  octahedral 
faces,  sometimes  in  confused  aggregates  of  crystals,  but  all  of  octahedral 
character,  and  bearing  a  striking  resemblance  to  the  crystals  of  pure 
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copper  obtained  by  fusion.  None  of  the  crystals  were  found  to  contain 
a  larger  proportion  of  either  metal  than  the  remainder  of  the  molten 
liquid  from  which  they  had  separated.  Storer  concludes  that  all  the 
alloys  of  copper  and  zinc  crystallize  in  the  regular  system,  and  that  they 
are  not  definite  atomic  compounds,  but  merely  isomorphous  mixtures  of 
the  two  metals. 

Calvert  and  Johnson*  have  also  noticed  the  crystallization  of  the  alloys 
of  copper  and  zinc,  and  state  that  it  is  probable  that  Cu2  Zn,  and  Cu3 
Zn  are  definite  compounds,  as  they  are  perfectly  crystallized,  and  have 
also  a  special  heat-conducting  power  of  their  own.  They  state  that  the 
most  splendid  of  all  the  brass  alloys  is  the  alloy  Gu  Zn,  which  is  of  a 
beautiful  gold  color,  and  crystallizes  in  prisms  often  3  centimeters  long. 

Slow  cooling  of  an  alloy  is  apt  to  favor  the  separate  crystallization  of 
one  or  more  of  its  components,  and  thus  render  it  brittle.  Sometimes 
in  casting  an  alloy  in  large  masses,  there  will  be  a  partial  separation  of 
the  constituents,  and  crystals  of  different  composition  will  be  found  at 
the  top  and  bottom  of  the  mass,  those  at  the  bottom  usually  containing 
the  larger  percentage  of  the  metal  which  has  the  greater  specific  gravity. 
This  phenomenon  has  already  been  noted  under  the  head  of  liquation. 

OXIDATION  AND  ACTION  OF  ACIDS. 

But  few  experiments  have  been  made  to  determine  the  rate  of  oxida- 
tion or  corrosion  of  the  alloys  by  atmospheric  influences  or  by  the  action 
of  acids.  It  is  generally  found  that  the  action  of  the  atmosphere  is  less 
on  alloys  than  on  their  component  metals.  An  instance  of  this  is  the 
ancient  bronze  statues  and  coins,  some  of  the  latter  of  which  have  their 
characters  still  legible,  although  they  have  been  exposed  to  the  effects 
of  air  and  moisture  for  upward  of  twenty  centuries. 

The  action  of  the  atmosphere  on  an  alloy  heated  to  a  high  tempera- 
ture is  sometimes  quite  energetic,  as  is  shown  in  the  alloy  of  three  parts 
lead  and  one  of  tin,  which,  when  heated  to  redness,  burns  briskly  to  a 
red  oxide.  When  two  metals,  as  copper  and  tin,  are  combined,  which 
oxidize  at  different  temperatures,  they  may  be  separated  by  continued 
fusion  with  exposure  to  the  air.  Cupellation  of  the  precious  metals  is 
a  like  phenomenon. 

Mushett  found  that  unrefined  copper  resisted  the  action  of  muriatic 
acid  better  than  pure  copper.  This  he  thought  was  due  to  the  presence 
of  tin  in  the  unrefined  copper,  as  he  found  that  an  alloy  of  copper  con- 
tainiug  about  3  per  cent,  of  tin  resisted  the  action  of  acid  to  still  greater 
extent.    The  latter  he  recommends  for  the  purpose  of  ship- sheathing. 

Calvert  and  JohnsonJ  have  made  several  experiments  to  determine 
the  actiou  of  nitric,  hydrochloric,  and  sulphuric  acids  upon  alloys  of  cop- 
per and  zinc  and  copper  and  tin.  Some  of  the  results  they  obtained  were 
entirely  unexpected.  Nitric  acid  of  1.14  specific  gravity  was  found  to 
dissolve  the  two  metals  in  an  alloy  of  zinc  and  copper  in  the  exact  pro- 
portion in  which  they  exist  in  the  alloy  employed,  while  an  acid  of  1.08 
specific  gravity  dissolved  nearly  the  whole  of  the  zinc  and  only  a  small 
quantity  of  the  copper.  Hydrochloric  acid  of  1.05  specific  gravity  was 
found  to  be  completely  inactive  on  all  alloys  of  copper  and  zinc  contain- 
ing an  excess  of  copper,  and  especially  on  the  alloy  containing  equiva- 
lent proportions  of  each  metal.  Zinc  was  found  to  have  an  extraordinary 
preventive  influence  on  the  action  of  strong  sulphuric  acid  on  copper. 

•Phil.  Traus.,  1858,  p.  367.  ~~ 

tPhil.  Mag ,  vol.  6,  1835,  pp.  444-447. 

tPbil.  Mag.,  vol.  10,  1855,  pp.  250,  251  j  also,  Jour.  Chem.  Soc,  vol.  19,  1866,  pp. 
434-454. 
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The  alloys  of  copper  and  tin  were  all  found  to  resist  the  action  of  nitric 
acid  more  than  pure  copper,  but  the  preventive  influence  of  tin  presents 
the  peculiarity  that  the  action  of  the  acid  increases  as  the  proportion  of 
tin  increases;  thus  the  alloy  Cu  Sn5  is  attacked  ten  times  more  than 
the  alloy  Cu  Sn.  The  alloys  Sn  Cu2  and  Sn  Cu3  were  attacked  by  strong 
sulphuric  acid  with  more  violence  than  any  other  of  the  bronzes. 

Three  alloys,  viz,  Cu18,  Zn  Sn,  Cuio  Zn  Sn,  and  Cu4  Zn3,  were  found 
to  be  only  slightly  attacked  by  strong  nitric  or  hydrochloric  aeids,  and 
not  at  all  by  sulphuric  acid.  The  resistance  to  the  action  of  nitric  acid 
is  remarkable,  as  its  action  on  each  of  the  component  metals  is  very 
violent. 

A.  Bauer*  has  recently  published  in  the  Berichte  der  deutschen  chem- 
ischen  QeselUchaft  the  result  of  some  experiments  on  the  action  of  hot 
sulphuric  acid  on  several  alloys  of  lead.  These  experiments  show  that 
the  addition  of  a  little  antimony  or  copper  renders  the  alloy  more  able 
to  resist  sulphuric  acid,  while  bismuth  has  a  decidedly  injurious  effect. 

HABDNESS  AND  OTHER  MECHANICAL  PROPERTIES. 

The  mechanical  properties  of  the  alloys,  such  as  hardness,  mallea- 
bility, ductility,  resistance  to  strains  of  tension,  compression,  and  tor- 
sion, elasticity,  resilience,  &c,  are  of  the  utmost  importance  to  the  engi- 
neer, but,  at  the  same  time,  it  is  most  difficult  to  find  reliable  informa- 
tion regarding  them.  But  few  experimenters  of  authority  have  investi- 
gated the  subject,  and  their  researches,  although  valuable  as  far  as  they 
go,  are  too  limited  in  extent  to  allow  of  a  complete  classification  and 
comparison.  A  few  alloys  which  are  of  special  service  in  the  arts  have 
been  well  studied  by  those  who  have  had  occasion  to  use  them,  with  a 
view  to  learn  their  mechanical  properties,  not  as  a  matter  of  scientific 
interest,  but  as  an  actual  necessity.  This  has  been  the  case  especially 
with  the  various  gun-metals,  upon  which  many  experiments  have  been 
made  under  authority  of  the  different  governments,  so  that  among  all 
the  alloys  our  knowledge  of  the  gun-metals  is  the  most  extensive  and 
accurate.  In  like  manner  the  properties  of  journal  and  anti-friction 
metals  have  been  investigated  by  those  who  are  concerned  in  their  manu- 
facture and  use. 

With  these,  and  a  few  other  exceptions,  however,  our  information  on 
the  mechanical  properties  of  the  alloys  is  very  meager.  It  will  be  the 
endeavor  of  the  Committee,  as  far  as  possible,  to  supply  this  manifest 
want  by  a  series  of  experiments  on  a  large  number  of  alloys,  testing 
them  for  all  the  mechanical  properties  above  named. 

The  hardness  of  some  of  the  alloys  has  been  investigated  by  Calvert 
and  Johnson.t  They  used  an  apparatus  for  determining  the  haidness, 
which  cousists,  chiefly,  of  a  conical  steel  point  of  a  certain  size,  which  is 
pushed  into  the  material  whose  hardness  is  to  be  determined  a  given 
distance  by  means  of  weights  applied  at  the  end  of  a  lever.  The  rela- 
tive hardness  is  shown  by  the  wTeight  required  for  the  different  materials.  . 

A  somewhat  similar  apparatus  was  used  by  Major  Wade  $  in  deter- 
mining the  hardness  of  gun-metal,  but  he  used  a  diamond-shaped  point 
and  a  flxed  weight,  determining  the  relative  hardness  by  the  distance 
which  the  point  was  pushed  into  the  metal.  General  Uchatius,§  in  ex- 
periments for  the  Austrian  Government,  used  an  indenting  tool,  which 
was  forced  into  the  metal  to  be  tested  by  a  weight  of  4.4  pounds  falling 

•Scientific  American, vol.  33,  1875,  p.  135. 

tPhil.  Mag.,  vol.  17.  1859,  pp.  114-121. 

t  Report  ot  Experiments  on  Metals  for  Cannon,  Phil  a.,  1856. 

$  Ordnance  Notes  No.  XL,  Washington,. D.  C,  1875. 
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through  a  height  of  9$  inches.  The  shorter  the  cut  made  by  the  indent- 
ing tool  the  greater  was  the  hardness. 

Mallet,*  in  1842,  in  his  experiments  on  the  alloys  of  copper  and  tin 
and  copper  and  zinc  determined  their  tensile  strength,  and  also  the  order 
of  their  ductility,  malleability,  and  hardness.  In  his  work  on  the  Con- 
struction of  Artillery ,t  published  in  1856,  the  same  author  discusses  the 
physical  and  mechanical  properties  of  gun-metal,  showing  the  effects  of 
sudden  and  of  rapid  cooling,  and  the  deteriorating  effect  of  small  pro- 
portions of  a  third  metal,  such  as  iron,  ziuc,  lead,  or  antimony. 

In  regard  to  the  extent  of  our  knowledge  upon  these  subjects,  he  re- 
marks :  "  Gun-metal,  probably  the  very  earliest  used  material  for  can- 
non, is  that  which  has  received  the  least  improvement  or  systematiza- 
tion  of  our  knowledge  as  to  its  use,  up  to  the  present  time;  the  arch- 
aeologist* finds  the  rude  weapons  of  Scandinavian,  Celtic,  Egyptian, 
Greek,  and  Roman  warfare  formed  of  nearly  the  same  alloys  of  copper 
and  tin,  and  in  about  the  same  proportions  as  the  cannon  of  to-day." 

The  circumstances  of  chief  difficulty  and  importance  in  the  manipu- 
lation of  gun-metal,  as  affecting  the  production  of  cannon,  are: 

1st.  The  chemical  constitution  of  the  alloy,  as  influencing  the  balance 
of  its  hardness,  rigidity,  or  ductility,  and  tenacity. 

2d.  Its  chemical  constitution,  and  what  other  conditions,  influence  the 
segregation  of  the  cooling  mass  of  the  gun  when  cast  into  two  or  more 
alloys  of  different  and  often  variable  composition. 

3d.  The  effects  of  rapid  and  of  slow  cooling,  and  of  the  temperature 
at  which  the  metal  is  fused  and  poured. 

4th.  The  effects  due  to  repeated  fusions,  and  to  foreign  constituents, 
in  minute  proportions  entering  into  the  alloy. 

The  circumstances  of  manipulation,  as  above  named,  have  already 
been  shown  to  have  a  vast  influence  upon  nearly  all  the  properties  of 
the  alloys,  and  their  study  is  of  the  greatest  importance,  not  only  in 
reference  to  gun-metals,  but  to  all  alloys  which  may  be  used  as  materials 
of  construction. 

In  connection  with  the  subject  of  gun-metal,  the  experiments  lately 
made  by  General  Uchatiusf  for  the  Austrian  Government  are  of  interest, 
lie  found  that  the  tenacity,  elasticity,  and  hardness  of  bronze  were  in- 
creased to  an  extraordinary  degree  by  driving  a  series  of  conical  steel 
mandrels  or  plugs,  gradually  increasing  in  size,  into  the  bore  of  the  gun. 
The  metal  in  the  interior  of  the  gun  was  thus  stretched  or  strained  much 
beyond  its  elastic  limit,  and  was  thereby  given  a  new  molecular  condi- 
tion, which  enables  it  better  to  resist  both  the  expansive  force  of  the  ex- 
ploded powder  and  the  abrading  effects  of  the  shot. 

The  results  of  the  experiments  of  General  Uchatius  have  been  com- 
municated to  the  Ordnance  Department  of  the  Uuited  States  by  Col. 
T.  T.  S.  Laidley,  U.  S.  A.,  who  calls  attention  to  the  fact  that  experi- 
ments were  made  upon  bronze,  with  a  view  to  improve  its  quality  for 
guns,  by  Mr.  S.  B.  Dean,  of  Boston,  in  1808-'09,  at  which  time  he  used 
the  identical  mode  of  improving  the  bronze  adopted  by  General  Ucha- 
tius some  four  years  later.  Patents  for  the  improvement  were  secured 
in  May,  18(59,  not  only  in  this  country,  but  also  in  England,  France,  and 
Austria.  The  want  of  funds  rendered  it  necessary  lor  Mr.  Dean's  ex- 
periments to  be  discontinued. 

Bischof  §  describes  an  apparatus  for  determining  the  qualities  of  the 

*Phil.  Mag.,  vol.  21,  1H42,  pp.  66-68. 

t Mallet,  Construction  of  Artillery,  London,  1856,  pp.  80-101. 

t  Ordnance  Notes  No.  XL,  Washington,  D.  C,  1875. 

$  British  Assoc.  Reports,  1870,  pp.  209,  210. 
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malleable  metals  and  alloys,  which  is  based  upon  the  principle  that 
u  superior  qualities  of  malleable  metals  and  alloys  are  characterized  by 
their  being  able  permanently  to  extend  in  all  directions  by  rolling  or 
hammering  without  rupture,  while  inferior  qualities  break  before  reach- 
ing the  maximum  of  extension  which  the  former  can  endure."  His  ap- 
paratus is  used  to  bend  the  metal  or  alloy  to  be  tested,  which  is  of  a 
certain  size  and  shape,  in  contrary  directions  through  a  certain  angle. 
The  oftener  the  piece  can  be  so  bent  without  breaking  the  better  is  its 
quality. 
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Cooke.  On  Two  New  Crystalline  Compounds  of  Zinc  and  Antimony,  and 

on  the  Cause  of  the  Variation  of  Composition  observed  in  the  Crystals. 

Memoirs  of  the  American  Academy,  vol.  5,  1855,  pp.  337-371. 
On  an  Apparent  Perturbation  of  the  Law  of  Definite  Proportions 

observed  in  the  Compounds  of  Zinc  and  Antimony.    Am.  Jour.  Art 

and  Sci.,  vol.  20,  1855,  pp.  222-238. 

Crystalline  Form  not  Necessarily  an  Indication  of  Definite  Chemi- 


cal Composition ;  or,  On  the  Possible  Variation  of  Constitution  inaMin- 
eral  Species  independent  of  Isomerism.  Am.  Jour.  Art  and  Sci.,  vol. 
30,  1860,  pp.  194-204.  Phil.  Mag.,  vol.  19,  1860,  pp.  405-416.  Erd- 
mann's  Journal,  vol.  80,  1860,  pp.  411-418. 

Coutains  some  deductions  from  the  observations  mode  on  the  crystallization 
of  the  alloys  of  zinc  and  antimony. 

Cboockewit.  Ueber  chemische  Metallverbindungen.  On  ctfemical  com- 
binations of  metals.  Erdmann's  Journal,  vol.  45, 1848,  pp.  87-93.  Lie- 
big's  Annalen,  vol.  18,  1848,  pp.  289-293, 

Contains  the  specific  gravities  of  a  number  of  alloys,  noting  the  difference  of 
specific  gravity  in  the  top  and  bottom  of  a  bar  cast  vertically. 

D'Akcet.  Note  sur  Vessai  des  alliages  de  platine  et  Wargent,  et  sur  Pappli- 
cation  que  Von  peutfaire  de  ce  proc6di  a  Verploitation  des  mines  cPargent 
cantenant  du  platine.  Note  on  the  tests  of  alloys  of  platinum  and  silver 
and  on  the  application  which  might  be  made  of  this  process  in  the 
working  of  mines  of  silver  ores  containing  platinum.  By  M.  D'Arcet. 
Ann.  de  Chim.,  1814,  vol.  89,  pp.  135-149. 

Observations  on  a  note  by  Stanislas  Julien,  "ProcSde  des  Chinois 

pour  fabriquer  les  tam-tams  et  les  cymbalesP  Process  of  the  Chinese 
for  the  manufacture  of  tam-tams  and  cymbals.  Ann.  de  chim.,  vol.54, 
1833,  pp.  331-335. 

tiur  V altiration  quOproutent  de  la  part  des  substances  culinaires 


les  alliages  de  cuivre,  de  zinc  et  de  nickel,  connus  sous  les  noms  de  maille- 
clwrt,  melchior, argentan.  On  the  alterations  produced  in  culinary  sub- 
stances by  the  alloys  of  copper,  zinc,  and  nickel,  known  under  the 
names  of  maillechort,  melchior,  argentan.  Jour,  de  pharm.,  vol.  23, 
1837,  pp.  223-227. 

Debray.  Des  alliages  dtaluminium.  Alloys  of  aluminum.  By  M.  H. 
Debray.  Comptes  rendus,  vol.  43, 1856,  pp.  925-927.  Dingler's  Jour- 
nal, vol.  143,  1857,  p.  42. 

De  la  Eui^  On  a  Crystallized  Alloy  of  Zinc,  Lead,  and  Copper.  By 
Warren  de  la  Rue.  Phi  1.  Mag.,  vol.  27, 1845,  pp.  370-372.  Erdmann's 
Journal,  vol!  37, 1846,  pp.  126-127. 

The  alloy  was  obtained  from  the  worn-out  amalgamated  zinc  plates  used  in 
the  voltaic  battery. 

De  Kuolz  and  de  Fontenay.  Barstellung  einer  Metalllegirung,  welche 
fast  fur  alle  Zvcecke  benutzt  icerden  tenn,  wozu  gewbhnlich  Silber  ange- 
tcendet  icird.  Description  of  an  alloy  which  can  be  used  for  all  pur- 
poses for  which  silver  is  generally  used.  Dingler's  Journal,  vol.  134, 
1854,  pp.  215-^16. 

On   Phosphoric  Bronze.     Comptts  Rendus,  vol.   73,  1871,   pp. 

1468-1470. 

MM.  H.  de  Ruolz  and  A.  do  Fontenay  presented  a  communication  to  the 
French  Academy  of  Sciences,  in  which,  after  referring  to  a  paper  by  Levi 
and  Kiinzel  (see  Levi  and  K.,  Etwais,  &c),  they  claim  that  they  used  the 
identical  processes  described  by  these  authors  in  experiments  made  for  the 
French  Government  from  1854  to  1659,  but  that  they  had  kept  them  secret 
up  to  this  time  (1871).  They  claim  that  they  were  the  lirst  to  use  phos- 
phorus in  bronze  forja-rtillery,  and  also  manganese  for  the  same  purpose, 
whether  alone  or  associated  with  other  metals. 

32  T  M 
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Deville.  Mithode  ^analyse  des  bronzes  et  des  laitons.  Method  of  an- 
alysis of  bronze  and  brass.  By  Henri  St.  Claire  Deville.  Ann.  de 
Chim.,  vol.  43,  1855,  pp.  473-477. 

Recherches  sur  les  mStaux,  et  en  particulier  sur  Valuminium,  et  sur 

une  nouvelle  forme  de  silicium.  Researches  on  the  metals,  and  in  par- 
ticular on  aluminum,  and  on  a  new  form  of  silicon.  Ann.  de  Chim..  vol. 
43,  1835,  pp.  5-36. 

De  Valuminium,  ses  proprittfa,  sa  fabrication  et  ses  applications. 


Concerning  aluminum,  its  properties,  manufacture,  and  applications. 
1  vol.    Paris,  1859. 
Dick:.'  Improvement  in  Alloys  of  Copper  for  Bearings.    By  C.  J.  A.  Dick. 
United  States  patent,  April  9, 1872,  No.  125549. 

Claims  the  addition  of  a  limited  proportion  of  lead,  with  or  without  other 
metals,  to  phosphorized  alloys  of  copper  and  tin,  making  them  especially 
valuable  for  journal  bearings. 

Dinglee.  Dingler's  Polytechnisches  Journal  contains  several  short  ar- 
ticles on  alloys,  among  which  are:  Vol.  27,  p.  273,  and  vol.  29,  p.  442, 
1828.  Different  alloys:  Vol.  123,  1852,  pp.  267-277.  Preparation  of 
Britannia  metal:  Vol.  134, 1854,  pp.  313-314.  White  journal  metal 
used  on  Hanoverian  railways :  Vol.  139, 1856,  p.  464.  Alloys  for  piston 
rings  of  locomotives:  Vol.  211,  1874,  p.  322.    Phosphor-bronze. 

Dunlevte.  Lagermetall.  Metal  for  journal  bearings.  Dingler's  Journal, 
vol.  177, 1865,  pp.  326,  327.    London  Journal  of  Arts,  1865,  p.  205. 

Alloy  containing  tin,  zinc,  copper,  and  antimony  heats  very  little  by  friction. 

Dussaussoy.  Rhultat  des  experiences  faites  par  ordre  de  Son  Excellence 
le  mareschal  Due  de  Feltre,  ministre  de  la  Guerre,  sur  les  allmges  de 
cuivre,  detain,  de  zinc  et  defer,  considiris  sous  le  rapport  de  la  fabrica- 
tion des  bouches  cbfeu,  et  autres  objets  setnblables.  Result  of  experiments 
made,  &c,  on  the  alloys  of  copper,  tin,  zinc,  and  iron,  considered  with 
reference  to  the  manufacture  of  camion,  and  other  like  objects.  By 
M.  Dussaussoy.    Ann.  deChim.,  vol.  5,  1817,  pp.  113-121,  225-234. 

Eclectic.  Van  Nostrand's  Eclectic  Engineering  Magazine.  1869,  p. 
172.  Alloys  fusible  at  specified  temperatures.  1873,  vol.  8,  p.  570. 
White  metal  for  machinery. 

For  crank  and  connecting  rod  bearings,  90  tin,  8  antimony,  2  copper.  For 
pivots,  slide  valves,  &c,  78.5  tin,  11.5  antimony,  10  copper.  For  locomo- 
tives (Swiss),  80  tin,  10  antimony,  10  copper. 

« 

Engineer.  Phosphorized  Bronze  and, other  Alloys  as. a  Material  for 
Artillery.  Engineer,  London,  vol.  33,  1872,  pp.  127, 128, 145, 146, 179, 
181. 

A  valuable  article,  giving  results  of  experimeats. 

Fakaday.  Lettre  au  Prof  De  la  Rive  sur  les  alliages  que  forme  Vomer 
avec  diff6rents  mdtaux.  Letter  to  Prof.  De  la  Eive  on  the  alloys  which 
steel  forms  with  different  metals.  Bibliotheque  Universelle,  vol.,  14, 
1820,  pp.  209-215.    (See  Stodart  and  Faraday.) 

Franklin  Institute.  Journal  of  the  Franklin  Institute,  vol.  67, 1874, 
pp.  293-296.  Describes  the  Ferro-Manganese  made  by  the  Terre 
Noire  Company  of  France,  and  used  in  the  Bessemer  process.  Vol.  67, 
1874,  pp.  160-161.     Uses  of  phosphor-bronze. 

Forbes.  On  the  Chemical  Examination  of  some  Alloys  of  Copper  and 
Zinc.  By  David  Forbes,  F.  G.  S.,  &c.  Chemical  Gazette,  1854,  p. 
393.    British  Assoc.  Reports,  2,  1854,  p.  67, 

Describes  a  separation  of  compounds  in  ordinary  brass-making,  two  alloys 
being  found,  one  of  a  deep  yellow  color  and  malleable,  and  the  other  of  a 
brilliant  white  and  brittle. 
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Feemy.  Note  sur  le  chrome  cristallizi  et  sur  les  alliages  d?  aluminium. 

Note  on  crystallized  chromium  and  on  aluminum  alloys.     Comptes 

Rendus,  vol.  44, 1857,  p.  632. 
*Gedgke.    Improvements  in  the  Manufacture  of  Metallic  Compounds. 

British  patent,  1853,  Nov.  12,  No.  2626. 
Alloys  of  Copper,  Zinc,  and  Iron  for  Shipbuilding.    Dingier^ 

Journal,  vol.  158, 1863,  p.  273. 
Genth.    Analysis  of  Chinese  Alloys.    By  F.  A.  Genth.    Jour.  Frank. 

Inst.,  vol.  36, 1858,  p.  261.    Phil.  Mag.,  vol.  16, 1858,  *pp.  420-426. 

Some  Chinese  coins  were  found  to  contain  chiefly  copper  and  zinc,  with  small 
traces  of  other  metals.     As  many  as  eight  metals  were  found  in  one  alloy. 

Gersheim.  Erfindung  finer  Metallcomposition,  die  sick  durch  Stossen 
und  Drucken  so  tceich  und  plastisch  machen  lasst,  dass  sie  mit  den  Fin- 
gem  in  jede  bclietrige  Form  gedriickt  icerden  kann.  Discovery  of  a  me- 
tallic compound  which  can  be  made  so  soft  and  plastic  by  pounding 
and  pressing  that  it  can  be  worked  into  any  form  by  the  fingers. 
Dinger's  Journal,  vol.  147,  1858,  pp.  462, 463. 

Gersdorff.  JJeber  das  PacJcfong.  On  Packfong.  By  H.  V.  Gers- 
dorff.    Pogg.  Annalen,  vol.  8,  1826,  pp.  103-106. 

Gbaham.  The  Brassfounder's  Manual.  By  Walter  Graham.  1  vol. 
London,  1870. 

Instructions  for  modeling,  pattern-making,  molding,  alloying,  taming,  filing, 
bronzing,  &o.  # 

Graham.     On  the  Melting  Points  of  Easily  Fusible  Alloys.     Poly- 

technisches  Gentralblatt,  1874,  p.  923. 
Guettier.     Guide  pratique  des  alliages  mitalliques.    Practical  guide 

of  the  metallic  alloys.     By  A.  Guettier,  director  of  fonnderies,  &c. 

1  vol.    Paris,  1865.     The  same,  translated  into  English.    By  A.  A. 

Fesquet.    1  vol.    Phila.,  1871. 

A  valuable  and  concise  treatise  on  the  alloys,  describing  their  properties,  and 
giving  directions  for  their  manufacture. 

Praktische  Untersuchungen  iiber  teehnische Metalllegirungen.  Prac- 
tical researches  on  technical  alloys.  By  A.  Guettier.  Dingler's  Jour- 
nal, vol.  114,  1849,  pp.  128-135,  196^279. 

Hachette.  Historische  Notiz  iiber  Stahllegirungen  und  Bamaszirung. 
Historical  note  on  steel  alloys  and  Damascening.  Dingler's  Journals 
vol.  5,  1821,  pp.  435-438. 

Hamilton  and  Parker.  New  Metal  in  Imitation  of  Gold,  called  Mosaic 
Gold.  Jour.  Frank.  Inst.,  vol.  1,  1826,  pp.  139, 140;  vol.  2,  p.  215. 
Dingler's  Journal,  vol.  21,  1826,  pp.  234, 235. 

Haswell.    Engineer's  Pocket- Book.    By  O.  H.  Has  well. 

Table  of  composition  of  several  useful  alloys. 

Hatchett.  Experiments  and  Observations  on  the  various  Alloys,  on 
the  specific  Gravity,  and  on  the  comparative  Wear  of  Gold;  being  the 
Substance  of  a  Beport  made  to  the  Committee  of  the  Privy  Council 
appointed  to  take  into  consideration  the  State  of  the  Coins  of  the 
Kingdom,  &c.  By  Charles  Hatchett,  F.  R.  S.  Phil.  Trans.,  1803,  pp. 
43-104. 

Herv^j.  Nouveau  manuel  compute  des  alliages  m&alliques.  Few  com- 
plete manual  of  the  metallic  alloys.    By  A.  Herv6.    1  vol.   Paris,  1839. 

Contains  the  preparation  of  the  alloys,  their  principal  properties,  their  use, 
their  existence  in  nature,  their  analysis,  &c. 

Iron  A  ge.  March  27, 1873,  p.  1.  Melting  Points  of  Lead  and  Tin  Alloys. 
December  10, 1874.    The  deposition  of  alloys. 


500  TESTS    OF    METALS. 

Jaoobt.  Improvement  in  Metallic  Alloy.  By  J.  E.  Jacoby.  British 
patent,  October  7, 1873,  No.  3246.    Chemical  News,  vol.  30, 1874,  p.  10, 

Alloys  containing  from  70  to  73  per  cent,  of  copper,  9  to  11  per  cent,  tin,  15  to 
20  per  cent,  lead,  and  from  0.05  to  1  per  cent,  zinc  for  journal  bearings  and 
like  purposes. 

Jaoobi.  Vorzugliche  Legirung  fur  Zapfenlager.  Excellent  alloy  for 
journal  boxes.  By  R.  Jacobi.  Dingler's  Journal,  vol.  167, 1863,  p. 
463. 

Alloy  of  5  parts  copper,  85  tin,  and  10  antimony. 

Jahresbebicht.  Jahre8bericht  Uberdie  Leistungen  derehemischen  Tech- 
nologie,  von  Rudolf  Wagner,  Leipzig. 

Contains  several  articles  on  alloys.  Phosphor-bronze  is  discussed  in  the  num- 
bers for  1870,  1871,  1872,  and  1873. 

Johnson.  Alloy  of  Wrought  and  Cast  Iron  to  Replace  Steel.  Prac- 
tical Mechanics'  Journal,  2d  series,  vol.  5,  p.  207. 

Joule.  On  some  Amalgams.  By  J.  P.  Joule,  P.  R.  S.,  British  Associa- 
tion Reports,  2, 1850,  p.  55."  Jour.  Chem.  Soc,  1, 1863,  pp.  378-387. 

Describes  amalgams  of  iron,  copper,  silver,  platinum,  zinc,  lead,  and  tin. 

Julien.  ProcSdS  des  Ghinois  pour  fdbriquer  les  tam-tams  et  les  cym- 
bales.  Process  of  the  Chinese  for  making  tam-tams  and  cymbals.  By 
Stanislas  Julien.     Ann.  de  chim.,  vol.  54, 1833.  pp.  329-331. 

Karsten.  Untersuchungen  der  englischen  Metallurgen  uber  die  Verbes- 
serung  des  Stahls  durch  Legirung  mit  anderen  Metallen.  Researches  of 
the  English  metallurgists  on  the  improvement  of  steel  when  alloyed 
with  other  metals.  By  C.  J.  B.  Karsten.  Karsten  Archiv  f.  Bergbau, 
vol.  9,  1825;  pp.  322-363. 

.■—  -  Ueber  Metalllegirungen,  besonders  uher  die  Legirung  aus  Kupfer 
und  ZinJc.  On  alloys,  especially  those  of  copper  and  zinc.  Dingler's 
Journal,  vol.  72,  1839,  pp.  128-132.  Pogg.  Annalen,  vol.  46, 1839,  pp. 
160-165. 

Ueber  Kupfer-Zinn-Legirungen  und  deren  Verhalten  beim  Gliihen. 


On  alloys  of  copper  and  tin,  and  their  behavior  when  heated.   Schweig- 
ger  Journ.,  vol.  66,  1832,  pp.  255-286,  386-401.     Jour.  Frank.  Inst., 
vol.  20, 1830,  pp.  340-343. 
Kerl.    Kepertorium  der  technischen  Literatur.    A  list  of  scientific  papers 
published  between  the  years  1854  and  1868. 

Vol.  2,  pp.  94-97.  Under  the  head  of  Metalllegirungen  is  found  a  list  of  one 
hundred  papers  by  various  authorities,  haying  more  or  less  reference  to  the 
alloys. 

Kneiss.  Legirung  fur  Maschinenlager.  Alloy  for  machine-bearings. 
Dingler's  Journal,  vol.  158, 1860;  p.  236. 

Alloy  of  3  parts  copper,  40  zinc,  42  lead,  15  tin. 

Knight.    Knight's  American  Mechanical  Dictionary. 

Article  on  alloys.    General  description,  very  full  and  correct 

Kopp.  Ungleiche  Mischung  von  Metalllegirungen  in  geschmolzenem  Zu- 
stande.    Unequal  mixture  of  alloys  in  the  molten  state.    By  Hermann 

Kopp.    Liebig's  Annalen,  vol.  40,  1841,  pp.  184-186. 

Dichtigkeit  des  Cadmium  Amalgams.  Density  of  cadmium  amal- 
gams.   Liebig's  Annalen,  vol.  40. 1841,  p.  186. 

Expansion  of  some  Solid  Bodies  by  Heat.     Phil.  Mag.,  vol.  3, 

1852,  pp.  268-270.    Liebig's  Annalen,  vol.  81,  1852,  pp.  1-67. 
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Kopp.  Copper  and  Zinc  Alloy.  By  M.  E.  Kopp.  Chemical  News,  vol. 
3, 1861,  p.  91. 

Alloy  of  60  parts  copper,  38.15  zinc,  1.G0  iron,  remarkable  for  its  malleability. 

Kunzel.     (See  Levi  and  Kiinzel.) 

Kupffer.  Note  sur  la  pesanteur  spScifique  des  aliiages  et  leur  paint  de 
fusion.  Note  on  the  specific  gravities  of  the  alloys  and  their  points 
of  fusion.  Ann.  de  chim.,  vol.  40,  1829,  pp.  285-303.  Qaart.  Jour. 
Sci.,  vol.  2,  1829,  pp.  185, 180. 

Describes  experiments  on  the  specific  gravities  and  points  of  fusion  of  the 
alloys  and  amalgams  of  tin  and  lead. 

Lafond.  Ueber  die  Bronzen  und  andere  Legirungen.  On  bronzes  and 
other  alloys.    Dingler's  Journal,  vol.  135,  1855,'  pp.  209-276. 

A  list  of  a  number  of  alloys,  chiefly  of  copper,  tin,  lead,  and  antimony,  with 
a  description  of  their  properties  and  uses. 

Larken.  The  Brass  and  Iron  Founders'  Guide.  Bv  James  Larkin.  1 
vol.     Phila.,  1874. 

A  concise  treatise  on  brass  founding  and  molding;  the  metals  and  their 
alloys,  &c. 

Latjgier.  Analyse  de  quelques  aliiages  de  bismuth.  Analysis  of  some 
alloys  of  bismuth.  Ann.  de  chim.,  vol.  30,  1827,  pp.  332-334.  Ding- 
ier^ Journal,  vol.  27, 1828,  p.  240. 

Levi  and  Ktjnzel.  Essais  sur  Vemplai  de  divers  aliiages,  et  spicialement 
du  bronze  phosphoreux,  pour  la  coul6e  des  bouclies  dfeu.  Experiments 
on  the  use  of  various  alloys,  and  especially  of  phosphoric  bronze,  for 
the  casting  of  cannon.  By  MM.  Montefiore  l^vi  and  C.  M.  Kiinzel. 
Comptes  Eendus,  vol.  73,  1871,  pp.  530-534. 

The  same,  translated  into  English  by  John  D.  Brandt,  chief  clerk 

Bureau  of  Ordnance,  Navy  Department,  United  States.  1vol.  Wash- 
ington, Government  Printing  Office,  1872. 

Contains  complete  tables  of  a  valuable  series  of  experiments  on  metals  for 
cannon.  Bronzes  containing  manganese,  nickel,  iron,  zinc,  and  phosphorus 
were  experimented  upon. 

Bronze  Alloy.     United  States  patents  granted  to  G.  M.  Levi  and 


C.  M.  Kiinzel,  May  23, 1871,  No.  115220,  and  Nov.  14, 1871,  No.  120984. 

.Levi.  On  Phosphoric  Bronze  and  its  Principal  Industrial  Uses.  By 
M.  C.  Montefiore  Levi.  Amer.  Chemist,  vol.  5,  1874,  pp.  178-180. 
Dingler's  Journal,  vol.  211, 1874,  p.  322. 

Lkvol.  M&noires  sur  le  dosage  de  tarsenic  dans  les  mitaux  usuels  et  dans 
leur  aliiages.  Memoirs  on  the  amount  of  arsenic  in  the  usual  metals 
and  their  alloys.    Ann.  de  Chim.,  vol.  16,  1846,  pp.  493-504. 

Note  sur  une  nouvelle  cause  d}MUrogen6iU  des  aliiages  d }  argent  et 

de  cuivre  produit  par  absorption  Woxgghne.  Note  on  a  new  cause  of 
heterogeneity  of  the  alloys  of  silver  and  copper,  produced  by  the 
absorption  of  oxygen.  Revue  Scientifique,  vol.  10,  1846,  pp.  211-213. 
MSmoire  sur  les  aliiages  m6talliques  considiris  sons  le  rapport  de 


leur  composition  chimique.    Memoir  on  the  alloys  considered  with  ref- 
erence to  their  chemical  composition.    Ann.  de  Chim.,  vol.  36, 1852, 
pp.  193-224;  vol.  39,  1853,  pp.  163-184.    Journ.  de  Pharm.,  vol.  17, 
1850,  pp.  111-114.    Erdmann's  Journal,  vol.  60,  1853,  pp.  449-456. 
De  V influence  du  bismuth  sur  la  ductilitS  de  cuivre.    On  the  influ- 


ence of  bismuth  on  the  ductility  of  copper.    Paris,  Bull,  de  la  Soo. 
Bncour.,  vol.  4,  1853,  pp.  746-748. 
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Lbvol.  Legirung  von  Gold  und  Silber,  Kupfer,  Silber  mit  Blei.  Alloys 
of  gold  and  silver,  gold  and  copper,  silver  and  lead.  Dingler's  Journal, 
vol.  136,  1855,  pp.  453-454.     Ann.  de  Chim.,  vol.  39,  p.  163. 

Legirung  von  Silber  mit  Kvpfer.    Alloys  of  silver  and  copper. 

Dingler's  Journal,  vol.  130,  1853,  pp.  128-129. 

Lipowitz.  Ueber  Wood's  letchtflii&siges  Metall.  On  Wood's  easily -fusible 
metal.    Dingler's  Journal,  vol.  158, 1860,  pp.  376,  377. 

Describes  several  fusible  alloys  which  melt  at  points  between  60°  and  98°  C. 

Mallet.  Chemical  and  Physical  Properties  of  the  Atomic  Alloys  of 
Copper  and  Zinc,  and  Copper  and  Tin.  By  Robert  Mallet,  F.  R.  S. 
Phil.  Mag.,  vol.  21,  1842,  pp.  66-68.  Dingler's  Journal,  vol.  85, 1842, 
p.  378. 

Tables  giving  the  chemical  composition/  specific  gravity,  color,  fracture,  cohe- 
sion, and  order  of  ductility,  malleability,  hardness,  and  fusibility  of  the 
alloys  of  copper  and  zinc  and  copper  and  tin. 

On  a  Metallic  Alloy  in  an  Unusnal  State  of  Aggregation.    Phil. 

Mag.,  vol.  23,  1848,  p.  141. 

A  new  alloy  was  formed  by  portions  of  abraded  brass  in  a  journal  bearing  be- 
ing forced  into  close  contact.  It  was  of  identical  composition  with  the  orig- 
inal brass,  but  was  black  in  color,  and  had  only  one-fifteenth  of  its  strength. 

On  the  Physical  Conditions  involved  in  the  Construction  of 


Artillery.    1  vol.    London,  1856. 

Contains  a  discussion  of  the  properties  of  bronze  as  a  material  for  cannon, 
with  the  effects  of  rapid  and  of  slow  cooling,  and  the  effects  due  to  repeated 
.  fusion  and  to  the  presence  of  impurities  in  minute  proportions. 

Matthiessen.  On  the  Specific  Gravities  of  Alloys.  By  A .  Matthiessen, 
F.  R.  S.  Phil  Trans.,  1860,  pp.  177-184.  Proc.  Roy.  Soc,  vol.  10. 
1859-'60,  pp.  12, 13.     Pogg.  Annalen,  vol.  110,  1860,  pp.  21-37. 

An  extensive  research  upon  the  specific  gravities  of  18  different  series  of  alloys. 

On  an  Alloy  which  may  be  nsed  as  a  Standard  of  Electrical 

Resistance.    Phil.  Mag.,  vol.  21,  1861,  pp.  107-115. 

Recommending  the  alloy  of  2  parts  gold  and  1  part  silver  as  a  standard  of 
electrical  resistance. 

!Note  on  Professor  Bolley's  communication  "  On  some  Physical 

Properties  of  the  Alloys  of  Tin  and  Lead."    Jour.  Ghem.  Soc.,  vol.  15, 
1862,  pp.  105-107. 

Criticism  of  Professor  Bolley's  method  of  finding  the  calculated  specific  grav- 
ities. 

On  the  Electric  Conducting  Power  of  Alloys.    Phil.  Trans.,  1860, 


pp.  161-176.    Proc.  Roy.  Soc,  vol.  10,  1859->60,  pp.  205-206.    Pogg. 
Annalen,  vol.  110,  1860,  pp.  190-221. 

A  valuable  research  on  the  electric  conducting  power  of  18  different  series  of 
alloys. 

Report  on  the  Chemical  Nature  of  Alloys.    British  Assoc.  Re- 


ports, 1,  1863,  pp.  37-48. 

Complete  classification  of  the  alloys  according  to  their  chemical  nature,  as 
deduced  chiefly  from  experiments  upon  their  conductivity. 

On  the  Variation  of  the  Electrical  Resistance  of  Alloys  due  to 


a  change  of  Temperature.    British  Assoc.  Reports,  2, 1863,  pp.  124-127. 
Electrician,  vol.  4, 1863,  pp.  285,  286,  296. 

On  the  Electrical  Permanence  of  Metals  and  Alloys.    British 


Assoc.  Reports,  1863,  2  pp.  127-130.    Electrician,  vol.  4,  1863,  pp. 
296,  297,  vol.  5,  p.  5. 
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Matthiessen.    On  Alloys.    Jour.  Chem.  Soc.,  vol.  5, 1867,  pp.  201-220. 

A  discourse  on  the  general  nature  and  properties  of  alloys,  and  reasons  de- 
duced from  experiment  for  the  author's  adoption  of  certain  views  on  the 
Bubject. 

Matthiessen  and  Yon  Bose.  On  the  Lead-Zinc  and  Bismuth-Zino 
Alloys.  By  A.  Matthiessen,  F.  R.  S.,  and  M.  Von  B&se.  Proc.  Roy. 
Soc.,  vol.  11,  1860-'62,  pp.  430-433.  Erdmann's  Journal,  vol.  84, 1861, 
pp.  323-326. 

Lead  and  zinc  do  not  alloy  in  all  proportions.  The  results  show  that  lead 
will  dissolve  only  1.6 per  cent,  of  zinc  and  zinc  only  1.2  per  cent,  lead;  that 
zinc  will  dissolve  only  2.4  per  cent,  of  bismuth  and  bismuth  from  8.6  to  14.3 
per  cent.  zinc. 

On  some  Gold-Tin  Alloys.    Proc.  Roy.  Soc,  vol.  11, 1860-f62,  pp. 

433-436.    Erdmann's  Journal,  vol.  84,  1861,  pp.  319-322. 

Describing  some  experiments  on  the  crystallization  of  some  of  the  alloys  of 
gold  and  tin. 

Matthiessen  and  Vogt.  On  the  Influence  of  Temperature  on  the 
Electric  Conducting  Power  of  Alloys.  By  A.  Matthiessen,  F.  R.  S., 
and  Carl  Vogt.     Phil.  Trans.,  1864,  pp.  167-200. 

A  research  on  the  electric-conducting  power  of  a  large  number  of  alloys  at 
different  temperatures. 

Matthiessen  and  Holzmann.  On  the  Effect  of  the  Presence  of  the 
Metals  and  Metalloids  on  the  Electric  Conductivity  of  Pure  Copper. 
By  A.  Matthiessen,  F.  R.  S.,  and  M.  Holzmann.  Phil.  Trans.,  1860, 
pp.  85-92.     Pogg.  Annalen,  vol.  110,  1860,  pp.  222-234. 

Mau>ien£.  Note  sur  Its  bronzes  du  Japan.  Note  on  the  bronzes  of 
Japan.  By  E.  G.  Maumen£.  Comptes  Rendus,  vol.  80, 1875,  pp.  1009, 
1010.    Scientific  American,  October  30, 1875,  p.  281. 

Michel.  Ucber  krystallisirte  Verb'indungen  von  Aluminium  mit  MetalUn. 
On  crystallized  compounds  of  aluminum  with  metals.  Liebig's  Anna- 
len, vol.  115,  1860,  pp.  102-105.  Erdmann's  Journal,  vol.  82, 1861,  pp. 
237,  238.    Phil.  Mag.,  vol.  20, 1860,  p.  377. 

Describes  alloys  of  aluminum  with  tungsten,  molybdenum,  manganese,  iron, 
nickel,  and  titanium. 

Miller.  On  the  Form  of  an  Alloy  of  Bismuth.  By  Win.  Hallows 
Miller.    Phil.  Mag.,  vol.  12, 1856,  pp.  48,  49. 

Describes  crystallization  of  an  alloy  of  bismuth  containing  nickel,  copper, 
and  sulphur. 

Morin.  Sur  quelquts  bronzes  de  la  Chine  et  du  Japan  h  patine  foncie.  On 
some  bronzes  of  China  and  Japan  with  dark  patina.  By  M.  H.  Morin. 
Comptes  Rendus,  vol.  78,  1874,  pp.  811-814. 

Muntz.  Ship-Sheathing  Metal.  British  patents,  1832,  October  22,  No. 
6325.  1846,  October  15,  No.  11410.  1852,  May  8,  No.  14117.  1858, 
March  19,  No.  572.  1858,  Mav  21,  No.  1134.  London  Journal  of 
Arts,  May,  1847,  p.  268.    Dingier^  Journal,  vol.  104, 1847,  p.  465. 

Mushet.  On  the  Alloys  of  Iron  and  Copper.  By  David  Mushet.  Phil. 
Mag.,  vol.  6, 1835*,  pp.  81-85.    Dingler's  Journal,  vol.  56,  1835,  p.  11. 

The  author  claims  to  have  established  the  practicability  of  alloying  malleable 
iron  with  copper  in  every  reasonable  proportion. 

On  the  Immersion  of  Copper  for  Bolts  and  Ship-Sheathing  jta 

Muriatic  Acid  as  a  Test  of  its  Durability.    Phil.  Mag.,  vol.  6, 1835, 
pp.  444-447. 

Unrennecl  copper  was  found  to  resist  the  action  of  muriatic  acid  better  than 
pure  copper.    This  was  proved  to  be  due  to  the  presence  of  tin. 


504  TESTS    OP   METALS. 

Mushet.  Alloys  of  Tungsten.  Several  patents  for  the  same.  See  Brit- 
ish Patent  Reports.  Abridgment  of  Specifications  relating  to  Metals 
and  Alloys.    London,  1861. 

Muspbatt.  Muspratt's  Chemistry,  vol.  1,  pp.  533-553.  Article  on 
Copper  Alloys. 

A  valuable  article.     Includes  a  description  of  the  method  of  casting  bronze 
guns,  and  the  changes  of  deusity,  hardness,  &c,  of  bronze  by  tempering. 

Musschenbroek.  Musschenbroek  is  referred  to  by  several  writers  as 
having  made  experiments  upon  alloys  in  the  first  part  of  the  last  cent 
ury.  See  Encyclopaedia  Britannica;  article,  Strength.  Also,  Knight's 
Am.  Mech.  Dictionary. 

Hetke.  Weissgussfur  Lager.  White  casting  for  journals.  Dingier^ 
Journal,  vol.  168, 1863,  p.  74. 

Alloy  of  8  parts  tin,  2  parts  antimony,  1  part  copper.     Used  by  General  Steam 
Navigation  Company  of  London  for  wheel  and  propeller  shafts,  &c. 

Oxland.   Improvements  in  Manufacture  of  Alloys  containing  Tungsten. 

British  patent,  1857,  December  18,  No.  3114. 
De  Paradis.    Ba8  Aich-Metall  und  das  Sterro-Metallj  zwei  neue  Metall- 

legirungen.     Aich-metal  and  sterro-metal,  two  new  metallic  alloys. 

Dingier^  Journal,  vol.  160,  1861,  pp.  34-40. 

Description  of  these  two  alloys  and  their  mechanical  properties. 

Parkes.  Several  valuable  alloys  made  by  Mr.  Parkes,  described  in 
lire's  Dictionary,  vol.  1;  article,  Alloy.  See,  also,  British  Patents, 
Abridgment  of  Specifications  relating  to  Metals  and  Alloys.  London, 
1861.  Dingler's  Journal,  vol.  116, 1850,  pp.  78-80.  Mechanics'  Maga- 
zine, vol.  51,  p.  309. 

Patents,  U.  S.  General  Index  of  Patents,  1790  to  1873,  U.  S.  Patent 
Office. 

Contains  list  of  53  patents  having  reference  to  alloys. 

Patents,  G.  B.    Abridgments  of  the  Specifications  relating  to  Metals 
and  Alloys.    Printed  by  order  of  the  British  Commissioner  of  Patents. 
•  London,  1861. 

Contains  abridgments  of  specifications  of  more  than  100  patents  of  alloys, 
dating  between  1664  and  1859. 

Peligot.  Sur  les  alliages  Sargent  et  de  zinc.  On  the  alloys  of  silver 
and  zinc.  By  Eugene  Peligot.  Gomptes  Rendus,  vol.  58,  1864,  pp. 
645-651. 

Peecy.  On  some  of  the  Alloys  of  Tungsten.  By  John  Percy,  F.  R.  S. 
British  Assoc.  Keports,  2,  1848,  p.  57. 

Experiments  on  the  economio  use  of  tungsten  in  alloys.    The  results  were 
unsatisfactory. 

On  Copper  containing  Phosphorus,  with  Details  of  Experiments 

on  the  Corrosive  Action  of  Sea  Water  on  some  Varieties  of  Copper. 
British  Assoc.  Reports,  2, 1849,  pp.  39,  40.     • 

Describes  an  alloy  containing  copper  95.72,  iron  2.41,  phosphorus  2.41.    On 
its  being  exposed  to  sea  water  for  9  months  there  was  no  loss  of  weight. 


Metallurgy.    Vol.  1.    Fuel;  Fire  Clays;  Copper;  Zinc;  Brass, 

fete.    London,  1861. 

Contains  a  valuable  account  of  brass  and  other  alloys  of  copper. 
Metallurgy.    Vol.  2.    Iron  and  Steel.    London,  1861;  pp.  147-197. 

Contains  a  very  fuU  account  of  the  alloys  of  iron  with  other  metals. 
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Person.  Solution  Wune  probl&ne  sur  la  fusion  des  alliages.  Solution 
of  a  problem  on  the  fusion  of  the  alloys.  By  C.  0.  Person.  Comptes 
Rendu*,  vol.  23,  1846,  pp.  626-629.  Pogg.  Annalen,  vol.  70,  1847,  pp. 
388-392. 

Experiments  on  some  alloys  of  bismuth,  lead,  and  tin.  M.  Person  concludes 
that  it  is  possible  to  assign  in  advance  tbe  heat  necessary  to  fuse  an  alloy, 
if  that  required  to  fuse  each  of  its  components  is  known. 

■  Sur  la  chaleur  spfoifique  anomale  de  certains  alliages  et  sur  leur 


riehauffement  spontanSapris  la  solidification.  On  the  anomalous  specific 
heat  of  certain  alloys  and  their  spontaneous  reheating  after  solidifica- 
tion. Comptes  Rendus,  vol.  25, 1847,  pp.  444-446.  Liebig's  Annalen, 
vol.  64, 1847,  pp.  179-185. 

Pi'lltchody.  On  some  Physical  Properties  of  the  Alloys  of  Tin  and 
Lead.  By  G.  Pillichody.  Jour.  Chem.  Soc,  vol.  15,  1862,  pp.  30-32. 
Polytecknisches  Centralblatt,  1862,  p.  88. 

Polain.  Ueber  die  Festigkeit  der  Phosphorbronze  und  iiber  deren  Anwen- 
dungen  in  der  Industrie.  On  the  strength  of  phosphor-bronze,  and  on 
its  applications  in  industry.  By  Alphons  Polain.  Dingler's  Journal, 
1875,  vol.  217,  pp.  482-494.  Extract  from  the  Revue  Universale,  1874, 
vol.  35,  p.  595. 

Account  of  experiments  made  in  Belgium,  France,  and  Germany  on  phosphor- 
bronze  as  a  material  for  guns,  and  statement  of  its  other  industrial  applica- 
tions. 

Kammelsbergk  Ueber  einige  krystallisirte  Zinnhiittenproducte  von  Schla- 
ckenwalde  und  krystallisirte  Legirungen  im  Allgemeinen.  On  some  crys- 
tallized products  of  tin  furnaces  and  crystallized  alloys  in  general. 
Pogg.  Annalen,  vol.  120,  1863,  pp.  54-65. 

Begnatjlt.  Sur  les  chaleurs  spScifiques  des  corps  composts  solides  et 
liquides.  On  the  specific  heat  of  solid  and  liquid  compound  bodies. 
By  M.  Victor  Eegnault.  Ann.  de  Chim.,  vol.  1,  1841,  pp.  129-207. 
Erdmann's  Journal,  voL  25, 1842,  pp.  129-170.  Comptes  Rendus,  vol. 
12, 1841,  pp.  56-83. 

An  extensive  investigation  on  the  specific  heat  of  compound  bodies,  including 
the  metallic  alloys. 

Eenault.  Nouvelle  mithode  Wanalyse  quantitative  applicable  aux  diffe- 
rents  alliages.  New  method  of  quantitative  analysis,  applicable  to  dif- 
ferent alloy 8.  By  M.  B.  Eenault.  Comptes  Rendus,  vol.  60, 1865,  p.  489. 
Dingler>s  Journal,  vol.  176, 1865,  pp.  371-374. 

Biohe.  Recherches  sur  les  alliages  mitalliques.  Eesearches  on  the  me- 
tallic alloys.  By  M.  Alf.  Eiche.  Comptes  Rendm,  vol.  55,  1862,  pp. 
143-147.    Dingler's  Journal,  vol.  170,  1863,  pp.  113-114. 

Experiments  on  the  specific  gravities,  &c,  of  the  alloys  of  tin  and  lead,  lead 
and  bismuth,  antimony  and  lead,  bismuth  and  tin. 

Recherches  sur  les  alliages.    Eesearches  on  the  alloys.     Comptes 


Rendus,  vol.  67,  1868,  pp.  1138«-1140. 

A  series  of  15  alloys  of  copper  and  tin  was  examined  with  reference  to  their 
density,  fusibility,  and  liquation. 

Recherches  sur  les  alliages.    Eesearches  on  tbe  alloys.     Comptes 


Rendus,  vol.  69, 1869,  pp.  343-346. 

Discussion  of  the  effect  of  reheating  and  shock  on  the  density  of  alloys  of  cop- 
per and  tin. 

Note  sur  les  bronzes  des  instruments  sonores.    Note  on  the  bronzes 


of  sonorous  instruments.     Comptes  Rendus,  vol.  69, 1869,  pp.  983, 986. 

Mentions  the  ineffectual  attempts  made  in  France  to  imitate  the  cymbals  and 
tam-tams  of  the  Chinese. 
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Eiche.  Recherches  sur  les  (tillages.  Researches  on  the  alloys.  Ann.  de 
Chim.j  vol.  30,  1873,  pp.  351-419.  Dingler's  Journal,  1874,  vol.  213, 
pp.  150-159,  342-353,  514-523,  540;  vol.  214,  pp.  153-163,  243-248, 
305-312. 

An  extensive  and  valuable  research  upon  the  alloys,  especially  those  of  cop- 
per and  tin,  with  regard  to  their  fusibility,  liquation,  and  the  modifications 
which  they  undergo  under  the  influence  of  tempering,  annealing,  and  me- 
chanical operations. 

Riche  and  Champion.  Fabrication  des  tam-tams  est  des  cymbales.  Manu- 
facture of  tam-tams  and  cymbals.  By  MM.  Alf.  Riche  and  P.  Cham- 
pion.    Oomptes  Rendus,  vol.  70, 1870,  pp.  85-88. 

Describes  the  process  of  manufacture  employed  by  the  Chinese  as  seen  by  M. 
Champion  at  Shanghai. 

Roberts.  The  Molecular  Arrangement  of  the  Alloy  of  Silver  and  Cop- 
per Employed  for  the  British  Silver  Coinage.  By  W.  C.  Roberts, 
chemist  to  the  mint.    Brit.  Assoc.  Reports,  1871,  p.  80. 

The  strips  used  for  the  coins  contained  more  silver  in  the  center  than  in  the 
external  edges  by  two  parts  in  1,000. 

On  the  Liquation,  Fusibility,  and  Density  of  Certain  Alloys  of 


Silver  and  Copper.    Proc.  Roy.  Soc.,  vol.  23, 1875,  pp.  481-495. 

Contains  an  account  of  a  valuable  set  of  experiments  on  the  melting-points  of 
a  series  of  alloys  of  silver  and  copper,  on  their  liquation  when  rapidly  or 
slowly  cooled,  and  on  their  density  when  fluid. 

Rieffel.  MSmoirc  sur  les  combinaisons  chimiques  du  euivre  avec  Vitain. 
Memoir  on  the  chemical  combinations  of  copper  with  tin.  Comptes 
Rendus,  vol..37, 1853,  ppl  450-453.  Erdmann's  Journal,  vol.  60, 1853, 
pp.  370-374. 

Rudberg.  Ueber  eine  allgemeine  Eigenschaft  der  Metalllegirungen.  On 
a  general  property  of  the  metallic  alloys.  Pogg.  Annalen,  vol.  18, 
1830,  pp.  240-249. 

Ueber  die  Warmemengen  in  Metallgemischen.     On  the  quantities 

of  heat  in  metallic  compounds.  Pogg.  Annalen,  vol.  71,  1847,  pp. 
460-463.    Liebig's  Annalen,  vol.  64, 1847,  pp.  183,  184. 

Semrad  and  Sterbenz.  Applications  of  Phosphor-Bronze.  By  G. 
Semrad  and  J.  Sterbenz.  Deutsche  Industriezeit,  1874,  p.  323.  Wag- 
ner's Jahresberichtj  1874.  pp.  149, 150. 

Schubarth.  Schubarth's  Repertorium  der  technischen  TAteratur.  A 
list  of  scientific  papers  published  between  the  years  1823  and  1853. 
Contains,  under  the  head  of  Metalllegirungen,  a  list  of  more  than  a 
hundred  papers  having  reference  to  the  alloys. 

Sharman.  White  Metal.  Scientific  American,  vol.  14, 1858,  p.  25.  Im- 
proved metallic  compound,  applicable  to  the  manufacture  of  various 
useful  and  ornamental  articles.  British  patent,  1857,  October  13,  So. 
2621. 

Tin,  16  ;  lead,  3  or  4 ;  zino,  5.    Said  to  be  cheaper  than  most  white  metal. 

Smith.  On  the  Liquation  of  Alloys  of  Silver  and  Copper.  By  Col.  J. 
T.  Smith,  Madras  Engineers,  F.  R.  S.  Proc.  Roy.  Soc.,  vol.  23, 1875, 
pp.  433-435. 

Observations  made  at  the  Indian  mints  on  the  causes  which  influence  the 
liquation  of  the  coin  alloys  of  silver  and  copper. 
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Stodabt  and  Faraday.  Experiments  on  the  Alloys  of  Steel,  made 
with  a  View  to  its  Improvement.  By  J.  Stodart,  F.  B.  S.,  and  M.  Far- 
aday. Quart.  Jonr.  Sci.,  vol.  9,  1820,  pp.  319-330.  Ann.  de  Chim., 
vol.  16,  1820,  pp.  127-144. 

On  the  Alloys  of  Steel.    Phil.  Trans.,  1822,  pp.  253-270.    Ann.  de 

Chim.,  vol.  21,  1822,  pp.  62-74.    Dingler's  Journal,  vol.  8, 1822,  p.  252. 

Stover.  On  the  Alloys  of  Copper  and  Zinc.  By  Frank  H.  Stover. 
Chemical  News, vol.  2,  1860, pp. 303-305 ;  vol.3, 1861, pp. 22-24, 37-38, 
51-53,  70-72, 149-151, 164-166.  Memoirs  of  the  American  Academy, 
vol.  8,  1863,  pp.  27-56.    Erdmann's  Journal,  vol.  72, 1861,  pp.  239-242. 

Experiments  on  the  crystallization  of  the  alloys  of  copper  and  zinc.  t  Stover 
concludes  that  all  the  alloys  of  copper  and  zinc  are  simply  isomorphous  mix- 
tures of  the  two  metals. 

Thomson.  Analysis  of  a  Chinese  Gong.  By  Thomas  Thomson.  Thom- 
son's Ann.  Phil.,  vol.  2, 1813,  pp.  208-210.  Ann.  de  Chim.,  vol.  87, 
1814,  pp.  46-53. 

Copper,  80.427 ;  tin,  19.573.    Remarkable  for  its  high  specific  gravity — 8.953. 

On  Melting  Points  of  Alloys  of  Lead,  Tin,  Bismuth,  and  Zinc. 

Glasgow  Phil.  Soe.  Proa,  vol.  1,  1841-?44,  pp.  77-82. 

Tissier.  Note  sur  les  alliages  ^aluminium.  Note  on  the  alloys  of 
aluminum.  By  Chas.  and  Alex.  Tissier.  Compies  Rendus,  vol.  43, 
1856,  pp.  885, 886.  Erdraann's  Journal,  vol.  69, 1856,  p.  381.  Dingier^ 
Journal,  vol.  143,  1857,  pp.  42-45. 

Ueber  Metalllegirungen,  mit  besonderer  Beriicksichtigung  des  Alu- 
miniums. On  metallic  alloys,  with  special  reference  to  those  of  alu- 
minum. Dinglers  Journal,  vol.  166,  1862,  p.  427.  From  the  Tech- 
nologiste,  April,  1862,  p.  348. 

Toucas.  Silberahnliche  Legirung.  Alloy  resembling  silver.  Dingler's 
Journal,  vol.  143, 1857,  p.  157.  British  patent,  1856,  February  22,  No. 
459. 

Alloy  of  4  parts  copper,  5  tin,  1  each  lead,  zinc,  and  antimony. 

Troost  and  Hautefeuille.  Sur  les  alliages  de  Vhydrogene  avec  les 
mitaux.  On  the  alloys  of  hydrogen  with  the  metals.  By  MM.  L. 
Troost  and  P.  Hautefeuille.  Ann.  de  Chim.,  vol.  2,  1874,  pp.  273-288. 
Comptes  Rendus,  vol.  78,  1874,  pp.  807-811. 

Describes  alloys  of  hydrogen  with  sodium,  potassium,  and  palladium. 

Ube.  Ure's  Dictionary  of  Arts,  Mines,  and  Manufactures.  Vol.1,  articles 
on  alloys,  brass,  bronze,  &c. 

Uohatius.  Eeport  of  experiments  made  by  General  Uchatius  for  the 
Austrian  Government  on  hardening  bronze  for  cannon.  Translated 
into  English,  and  communicated  to  the  Ordnance  Department  of  the 
United  States,  by  Col.  T.  T.  S.  Laidley,  U.  S.  A.  Published  as  "  ord- 
nance Notes  No.  XL,  Washington,  D.  C,  1875." 

Extraordinary  hardening  and  increase  of  strength  of  bronze  guns  were  pro- 
duced by  driving  mandrels  or  plugs  into  the  bore.  Some  specimens  of  hard- 
ened bronze  had  a  tensile  strength  of  70,000  pounds  per  square  inch. 

Vogel.  Legirung  zu  Compositions  feilen.  Alloy  for  composition  files. 
Dinglers  Journal,  vol.  159, 1861,  pp.  211,  212. 

A  new  Alloy  of  Copper  and  Aluminum  for  Journal  Brasses.  Scien- 
tific American,  vol.  4, 1861,  p.  311. 

Yon  Haueb.  Ueber  die  leicht  schmelzbaren  Kadmium-Legirungen.  On 
the  easily-fusible  cadmium  alloys.  By  Carl  Bitter  von  Hauer.  Ding 
lei^s  Journal,  vol.  176, 1865,  p.  371.  Erdmann's  Journal,  vol.  94, 1865, 
pp.  436-439.    Phil.  Mag.,  vol.  30, 1865,  pp.  447-448. 
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Vigourotjx.  Weisse  nicht  oxydirbare  Metalllegirung  fur  Fasshakne. 
White,  unoxidizable  alloy  for  facets.  Dingler's  Journal,  vol.  178, 
1865,  p.  242. 

Contains  tin,  antimony,  and  nickel. 

Wade.  Reports  on  Experiments  on  Metals  for  Cannon.  By  officers  of 
the  Ordnance  Department,  United  States  Army.  1  vol.  Philadelphia, 
1856. 

Contains  a  valuable  report  by  Major  Wade,  U.  S.  A.,  on  the  prapertiesof  bronze 
for  cannon,  with  description  of  the  testing  apparatus  used,  effects  of  sudden 
cooling,  separation  of  tho  metals,  and  discussion  of  results. 

Watt's.  Watt's  Dictionary  of  Chemistry.  Vol.  3,  pp.  942-946.  Articles 
on  metals  and  alloys.    See  also  under  heads  of  the  different  metals. 

Weidemann  and  Franz.  Ueber  die  Warme-Leitungsfahigkeit  der  Me- 
talle.  On  the  heat  conductivity  of  metals.  By  G.  H.  Weidemann 
and  Kudolph  Franz.  Pogg.  Annalen,  vol.  89,  1853,  pp.  497-531. 
Phil.  Mag.,  vol.  7, 1854,  pp.  33-39. 

Weidemann.  Ueber  die  Leitungsfahigkeit  einiger  Legirungen  fur  Warme 
und  Elektricitat.  On  the  conductivity  of  some  alloys  for  heat  and 
electricity.  By  G.  Weidemann.  Pogg.  Annalen,  vol.  108,  1859,  pp. 
393-407.    Phil.  Mag.,  vol.  19,  1860,  pp.  243,  244. 

The  order  of  conductivity  of  the  metuls  was  found  to  be  the  same  for  heat  as 
for  electricity. 

Weissenbobn.  Weissenborn's  American  Locomotive  Engineering  con- 
tains table  of  useful  alloys  of  copper,  including  those  used  in  locomo- 
tives. 

Wertheim.  Ue  V6la$ticit6  et  de  la  t6naciU  des  alliages.  On  the  elas- 
ticity and  tenacity  of  alloys.  By  M.  G.  Wertheim.  Comptes  Rendus, 
vol.  15,  1842,  p.  110;  vol."l6,  1845,  pp.  998-1000. 

Experiments  upon  54  binary  and  9  ternary  alloys,  with  a  view  to  determine 
whether  their  elasticity  and  tenacity  followed  any  general  laws. 

Wokleb  and  Michel.  Ueber  krystallwirte  Verbindungen  von  Alumi- 
nium mit  Metallen.    On  crystallized  compounds  of  aluminum  with 

'  metals.  Liebig's  Annalen,  vol.  115,  1860,  pp.  102-105.  Phil.  Mag., 
vol.  20,  1860,  p.  377.    Erdmann's  Journal,  vol.  82,  1861,  pp.  237,  238. 

Alloys  of  aluminum  with  tungsten,  molybdenum,  manganese,  iron,  and  nickel. 

Wood.  New  fusible  metal.  Jour.  Frank.  Inst.,  vol.  40, 1860,  pp.  125- 
128.  Phil.  Mag.,  vol.  20, 1860,  p.  403.  Dingier^  Journal,  vol.  158, 1860, 
pp.  376,  377.    IT.  S.  patent,  March  20,  1860. 

Wright.  Improvement  in  alloys  of  nickel,  silver,  and  copper.  U.  S. 
patent.    Journal  of  Applied  Chemistry,  vol.  8, 1873,  p.  158. 
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RESEARCHES  ON  THE  ELASTICITY  AND  TENACITY  OF  THE 

ALLOYS. 

By  M.  G.  Wertheim.* 

In  the  numerous  researches  which  have  been  undertaken  on  the  me- 
chanical properties  of  matter,  the  experimenters  have  for  the  most  part 
only  confirmed  the  laws  which  analysis  had  already  made  known,  or 
examined  the  substances  which  are  used  in  construction.  Thus,  while 
on  the  one  hand  the  laws  which  govern  slight>*hange8  of  forjn  and  vibra- 
tions may  be  considered  as  perfectly  well  understood,  and  on  the  other 
hand,  iron,  steel,  wood,  and  stone  have  been  carefully  studied,  the  me- 
chanical properties  of  bodies  in  general,  and  the  laws  which  control  the 
displacement  of  their  molecules,  when  this  displacement  is  no  longer 
very  slight  compared  to  the  distances  which  separate  them,  have  been 
almost  wholly  neglected. 

The  constancy  or  the  variability  of  the  coefficient  of  elasticity  in  the 
same  substance  under  different  circumstances,  the  changes  that  me- 
chanical treatment,  annealing,  and  elevation  of  temperature  can  pro- 
duce, the  relation  between  the  theoretical  and  the  actual  rapidity  of  the 
sound,  the  laws  of  permanent  displacements,  and  the  different  positions 
of  equilibrium,  the  existence  of  a  certain  limit  of  elasticity  and  of  a  max- 
imum elongation,  and  finally  the  "numerical  values  of  all  these  quantities, 
and  their  relations  to  the  chemical  nature  of  the  material^  offer  so  many 
questions  which  have  not  as  yet  been  discussed  by  philosophers,  or  which 
have  been  solved  in  different  ways.  In  this,  the  first  memoir  which  I 
have  the  honor  to  submit  to  the  judgment  of  the  academy,  I  discuss  only 
the  simple  metals.  In  a  short  recapitulation  of  work  already  accom- 
plished I  will  mention  first  the  experiments  on  the  constancy  of  the  co- 
efficient of  elasticity. 

Coulomb  and  Lagerhjelm  have  found  the  same  coefficient  of  elasticity 
for  iron  and  steel  of  the  same  sample,  whatever  the  mechanical  treat- 
ment to  which  they  were  subjected;  M.  Poncelet,  on  the  contrary,  rely- 
ing on  the  uniformity  of  known  results,  does  not  admit  this  constancy 
even  for  iron.  The  other  metals  have  not  yet  been  studied  in  this  re- 
spect. M.  Gerstner  concludes  from  his  experiments  on  steel  bars,  that 
the  coefficients  of  elasticity  remain  the  same  in  the  different  positions  of 
equilibrium  of  the  bar. 

Passing  over  the  differences  which  may  be  exhibited  in  the  same  metal 

*  Compies  Rendu*,  vol.  15,  1842,  p.  110. 

t  Some  mouths  after  the  deposition  of  my  packet,  M.  Masqpn  presented  to  the  academy 
a  paper  in  which  he  seeks  to  establish  by  his  own  experiments  on  iron,  copper,  and 
zinc,  and  by  the  experiments  of  Chladni  on  tin  and  silver,  the  following  law:  Multi- 
plying the  coefficients  of  elasticity  of  the  simple  bodies  by  a  multiple  or  submnltiple 
of  their  equivalents,  a  constant  number  is  obtained.  M.  Masson  himself  attributes 
this  fact  only  to  accident  (Annates  de  Chimie  et  de  Physique,  3mc  se*rie,  t.  iii).  I  have  not 
therefore  considered  it  necessary  to  repeat  the  above.  It  will  be  understood,  further, 
that  a  certain  agreement  can  always  be  obtained  by  choosing  arbitrarily  the  whole 
numbers  by  which  the  atomic  weights  must  be  multiplied  or  divided. 
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on  account  of  the  variations  in  its  density  or  because  of  its  impurity,  the 
coefficients  of  elasticity  have  been  determined  for  lead,  zinc,  silver, plati- 
num, copper,  iron,  and  steel,  by  Coulomb,  Barlow,  Tredgold,  Young,  Ren- 
nie,  Duleau,  Navier,  Lagerhjelm,  Leslie,  Gerstner,  Sequin,  Martin,  Savart, 
Weber,  Ardant,  and  by  the  royal  commission  of  Hanover. 

Chladui  took  the  rapidity  of  sound  on  iron, copper,  silver,  and  tin,  and 
Savart  on  ifron,  steel,  and  copper.  M.  Masson  made  known  the  rapidities 
in  zinc  and  lead. 

These  results  form  almost  the  whole  of  our  experimental  knowledge  of 
elasticity  in  an  ordinary  temperature;  the  variations  in  elasticity  caused 
by  the  elevation  of  the  temperature  have  not  yet  been  investigated. 

The  researches  on  the  cohesion  of  the  metals  are  much  more  numerous, 
but  from  their  nature  also  less  apt  to  give  concordant  results.  It  would 
take  too  long  to  repeat  them  here.  I  will  only  say  further,  that  the  in- 
fluence of  annealing  on  cohesion  has  been  investigated  by  MM.  Dufour, 
Baudrimont,  and  Karmarsch.and  that  of  elevation  of  temperature  upon 
the  cohesion  of  iron  by  MM.  Tredgold,  Lagerhjelm,  Tremery,  Poirier,  and 
Dufour.  Finally,  MM.  Minard  and  Desorraes  have  made  known  the 
diminution  of  cohesion  produced  by  heat  in  lead,  tin, and  copper.  My 
experiments  have  been  on  the  homogeneous  metals  which  I  have  myself 
reduced  or  analyzed,  when  it  was  impossible  to  obtain  them  perfectly 
pure ;  these  were  lead,  tin,  cadmium,  gold,  silver,  zinc,  platinum,  copper, 
iron,  and  steel.  Each  metal  was  first  melted,  when  possible,  then  rolled 
and  drawn,  and  finally  annealed.  In  each  of  these  conditions  its  density 
was  noted;  then  1  determined  its  coefficient  of  elasticity  and  the  rapidity 
of  sound,  by  means  of  three  different  methods:  by  transverse  vibrations, 
by  longitudinal  vibrations,  and  by  elongation. 

The  nuniber  of  transverse  vibrations  per  second  was  determined  by 
the  method  of  sketching  the  vibrations,  original  with  M.  Duhainel.  A 
little  elastic  bent  wire  attached  to  the  top  of  the  rod  under  examination 
left  an  impression  upon  a  disk  coated  with  lampblack.  Having  failed  to 
give  this  disk  a  uniform  rate  of  motion,  I  determined  the  length  of  the 
vibrations  by  comparing  the  vibrai  ions  of  the  rod  with  those  of  a  standard 
fork  made  by  M.  Marloye,  and  making  exactly  256  vibrations  per  sec- 
ond; the  time  was  thus  determined  within  at  least  g-gVo  of  a  second. 

The  number  of  longitudinal  vibrations  was  determined  by  means  of  a 
differential  sonometer  consonant  with  the  same  fork.  I  satisfied  myself 
as  to  the  exactitude  of  estimates  by  calculating  directly  the  longitudinal 
vibrations  drawn  by  two  rods  of  two  meters  length.  The  difference  was 
only  between  three  and  seven  vibrations  in  a  thousand.  Finally,  these 
rods  and  bars  were  submitted  to  the  action  of  successively  increasing 
loads  in  an  apparatus  which  allowed  of  even  quite  heavy  loads  being 
put  on  or  taken  off  with  facility  and  without  jar. 

The  total  elongations  (sets)  were  of  two  kinds,  one  which  disappears 
with  the  removal  of  the  charge,  and  another  which  is  permanent.  Each 
of  these  two  parts  was  measured  separately,  by  means  of  a  cathetometer 
measuring  hundredths  of  a  millimeter.  Thus,  not  only  the  coefficient  of 
elasticity  was  determined  anew  in  each  position  of  equilibrium  that  the 
rod  attained,  but  also  all  that  relates  to  the  limit  of  elasticity,  to  the 
maximum  of  elongation,  and  to  cohesion,  was  studied  at  the  same  time. 
After  rupture,  the  density  and  elasticity  of  the  fragments  were  examined 
anew,  and,  finally,  ail  the  experiments  in  elongation  were  repeated  at  the 
temperatures  of  100°  and  200°  C.  These,  then,  are  the  conclusions  that 
may  be  drawn  from  these  experiments. 

1st.  The  coefficient  of  elasticity  is  not  constant  for  the  same  metal; 
whatever  augments  the  density  increases  it,  and  reciprocally. 


TESTS  OF   METALS.  511 

2d.  The  longitudinal  and  transverse  vibrations  evidently  give  the 
same  coefficient  of  elasticity. 

3d.  The  vibrations  give  coefficients  of  elasticity  much  greater  than 
those  obtained  by  elongation.  This  difference  is  due  to  the  accelera- 
tion of  movement  produced  by  liberated  heat. 

4th.  Consequently,  sound  in  solid  bodies  is  due  to  waves  and  conden- 
sation, and  we  may  be  able  by  means  of  the  formula  given  by  Mr.  Du- 
haniel  to  make  use  of  the  relation  between  actual  and  theoretical  speeds 
of  sound,  to  find  out  the  relation  of  specific  heat  under  constant  pres- 
sure to  that  at  constant  volume.  This  ratio  is  greater  for  annealed  than 
for  non-annealed  metals. 

5th.  The  coefficient  of  elasticity  diminishes  with  the  elevation  of  the 
temperature  at  a  more  rapid  rate  than  that  which  is  due  to  the  corre- 
sponding dilation. 

6th.  Magnetization  does  not  sensibly  change  the  elasticity  of  iron. 

7th.  The  elongation  of  rods  and  bars  by  the  application  of  loads 
affects  their  densities  very  slightly.  The  coefficient  of  elasticity  should 
therefore  vary  as  little  in  the  different  positions  of  equilibrium ;  and 
this  is  in  fact  what  takes  place,  in  so  far  as  the  loads  do  not  become 
great  enough  to  produce  rupture.  The  law  of  Gerstner  is  therefore 
confirmed  by  all  the  metals  of  which  the  particles  take  a  position  of 
equilibrium  after  having  passed  their  limy;  of  elasticity. 

8th.  The  permanent  alloys  are  not  found  intermittently,  but  in  a  con- 
tinuous manner.  By  suitably  limiting  the  load  and  its  duration  of 
action,  such  permanent  elongation  as  may  be  desired  can  be  produced. 

9th.  No  true  limit  of  elasticity  exists;  and  if  no  permanent  elonga- 
tion is  observed  for  the  first  loads,  it  must  be  because  they  have  not 
been  allowed  time  to  act,  and  because  the  rod  submitted  to  the  experi- 
ment is  too  short  relatively  to  the  delicacy  of  the  measuring  instru- 
ment. 

The  values  of  maximum  elongation  and  cohesion  also  depend  much 
on  the  manner  of  operation.  They  become  greater  the  more  slowly  the 
loads  are  increased.  It  may  be  seen  from  this  how  arbitrary  is  the  de- 
termination of  least  and  of  greatest  permanent  elongation,  and  that  we 
cannot,  with  Lagerhjelm  found  a  law  upon  their  values. 

10th.  The  resistance  to  rupture  is  considerably  diminished  by  anneal- 
ing. The  elevation  of  the  temperature  even  to  200°  C.  does  not  greatly 
diminish  the  cohesion  of  metals  previously  annealed. 

Alter  this  purely  experimental  part,  I  sought  to  discover  a  relation 
between  the  coefficient  of  elasticity,  which  is  the  only  truly  scientific 
mechanical  datum,  and  the  molecular  constitution  for  comparing  the 
result  of  calculation  with  those  of  experiment. 

M.  Poissou  has  been  led  to  the  following  expression  of  the  coefficient 
of  elasticity : 

r=TD 

2r*d}r* 
a*dr' 

in  which  a  is  the  mean  distance  of  the  molecules,  r  the  radius  of  action 
of  the  molecule,  the  function  fr  giving  the  result  of  simultaneous  action 
of  the  attractive  molecular  force  and  of  the  repulsion  due  to  heat. 

To  find  a  I  assume  that  the  weight  of  each  molecule  is  expressed  by 
its  atomic  weight.  We  know  that  this  hypothesis  is  probable  from  the 
researches  of  MM.  Dulong  and  Petit,  Avogrado,  Eegnault,  and  Baudri- 
niont,  on  specific  heat. 
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The  relative  number  of  atoms  contained  in  the  same  volume  is  then 
obtained  by  dividing  the  specific  weight  by  the  atomic  weight ;  the  re- 
ciprocal of  the  cube  root  of  this  number  is  the  measure  of  the  distance 
of  the  molecules  for  each  metal  in  its  different  conditions — that  is  to 
say,  the  value  of  a. 

There  remains,  then,  in  the  formula  to  be  determined,  only  the  func- 
tions/r  which  we  may  attempt  to  deduce. 

The  following  are  the  results  of  this  formula : 

1st.  q  should  become  greater  when  a  diminishes,  and  reciprocally.  It 
may  be  seen  in  the  fourth  table  of  my  memoir  that  this  really  takes 
place,  but  the  condensations  and  dilatations  that  we  can  produce  by 
these  mechanical  means  are  too  slight  for  us  to  determine  with  certainty 
the  relation  between  the  changes  of  a  and  q\  nevertheless,  the  product 
qa1  is  very  nearly  constant  for  the  same  metal.  With  elevation  of  tem- 
perature the  coefficient  of  elasticity  diminishes  so  rapidly  that  the  prod- 
uct qa1  is  always  less  than  at  an  ordinary  temperature ;  the  function  fr 
should  then  include  temperature. 

2d.  The  different  metals  follow  in  the  same  order  in  proximity  of  the 
molecules,  in  their  coefficient  of  elasticity,  and  in  their  power  to  conduct 
sound  in  proportion  to  its  intensity  (thislast  is  only  approximately  known 
by  the  experiments  of  Perolle).  Platinum  only  ranks  between  copper 
and  iron  in  relation  to  the  coefficient  of  elasticity,  while  it  ranks  between 
zinc  and  copper  in  relation  to  the  distances  of  the  molecules. 

3d.  The  product  of  the  coefficient  of  elasticity  by  the  seventh  power 
of  the  mean  relative  distance  of  the  molecules  is  the  same  for  the  greater 
part  of  the  metals.  This  agreement  is  so  complete  that  it  can  be  exacted 
to  this  degree  of  approximation  for  lead,  cadmium,  gold,  silver,  zinc,  and 
iron )  but  copper  gives  a  somewhat  smaller  product,  and  tin  aud  plati- 
num much  higher  products,  than  the  other  metals.  If  this  agreement 
were  general,  we  might  infer  from  it  that  the  resultant  of  the  attractive 
molecular  force  andheat  repulsion  diminishes  in  the  inverse  ratio  of  the 
fifth  power  of  the  distances.  But  this  agreement  is  not  confirmed  by  all 
the  metals  experimented  upon,  provingonly  thatthis  resultant  diminishes 
in  fact,  as  we  assume  to  be  the  case  in  our  calculations,  much  more  rap- 
idly than  in  the  inverse  ratio  of  the  square  of  distances.  In  the 
letter  attached  to  this  memoir  the  author  requests  the  opening  of  a  sealed 
packet  dated  July  19, 1841.  This  packet,  opened  on  the  spot,  contained 
the  following  note:  "Sealed packet  addressed  by  M.  Wertheim  in  1841, 
accepted  by  the  academy  at  the  session  of  July  9  " 

Philosophers  generally  admit  that  atomic  weights  represent  the  true 
weight  of  the  molecules,  and  that  the  diameters  of  the  molecules  are 
variable  in'  their  ratio  to  the  distances  which  separate  them.  We  can 
then  obtain  the  number  of  molecules  of  the  different  simple  bodies  con- 
tained in  the  unit  of  volume  by  dividing  their  specific  weights  by  their 
atomic  weights ;  as  to  composite  bodies,  this  same  reasoning  will  lead 
to  a  knowledge  of  their  molecular  arrangement.  Now  the  attractive  force 
should  necessarily  be  a  function  of  the  distance,  a  function  that  experi- 
ment alone  can  make  known,  and  which  leads  to  the  knowledge  of  the 
laws  of  cohesion,  of  elasticity,  and  of  the  rapidity  of  sound. 

The  comparison  contained  in  the  following  table,  which  I  communi- 
cated to  M.  d'Estinghausen,  at  Vienna,  four  years  since,  shows  the 
intimate  relation  of  these  different  quantities.  The  first  column  contains 
thespecific  weights  of  the  melted  metals ;  the  second  the  atomic  weights, 
calling  the  atomic  weight  of  oxygen =1 ;  the  third  column  contains  the 
number  of  atoms  in  the  unit  of  volume. 
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The  atomic  weights  are  those  of  M.  Berz£lius,  except  that  of  silver, 
which  is  reduced  one-half,  conformably  to  the  researches  of  MM.  Dulong 
and  Petit,  and  of  M.  liegnault,  on  specific  heat. 


& 

A. 

a  A. 

Besiatanoe  to  rap 
tare  per  millime- 
ter. 

1 

! 

S 

ML 

1=1 

o  ©  g 

s 

Lead 

1L352 
7.285 

10.258 

10  542 
6.861 

21. 530 
8.850 
7.788 

12.94498 

0.8769 

0.022 
0.008 
0.274 
0.341 
•0.199 
■     0.4G9 
0.550 
1.000 

1.45 

a  20 

000 
8.200 

Tin 

7.35294  1  0.9907 
12.43013  ,  1.5493 
6.75803     1.5599 
4. 03226     1. 7015 
12. 33499  '  1. 7454 
3. 95695     2  2365 
8.39205  '  2.2959* 

7.5 

Gold 

Silver 

9.0 

Zinc 

9.600 

Platinum 

Copper 

38.55 

20.000* 

12.0 

Iron..... 

17.0 

*  The  resistance  of  itno  is  lower,  which  should  not  be  according  to  its  number  of  atoms ;  but  this  dis- 
agreement may  reasonably  be  attributed  to  the  impurity  of  the  metal  experimented  upon  or  to  its 
crystallised  condition. 

Notice  further,  that  the  metals  range  as  to  their  conductibility  for  the 
intensity  of  sound,  according  to  Perolle:  lead,  tin,  gold,  silver,  copper, 
iron. 

Lastly,  the  diamond,  hardest  of  the  simple  bodies,  contains  nearly 
as  many  molecules  as  iron;  its  number  is  4,668  to  4,708;  these  numbers 
are  obtained  by  dividing  its  extreme  specific  weights,  3501-3531,  by  its 
atomic  weight,  75,  recently  determined  by  M.  Dumas. 

We  see  that  in  the  simple  bodies  which  have  been  submitted  to  experi- 
ment thus  far,  cohesion,  elasticity,  and  conductibility  of  sound,  as  much 
with  regard  to  its  quickness  as  to  its  intensity,  are  as  much  greater  as 
the  molecules  of  the  same  bodies  are  nearer  to  one  another  at  the  same 
temperature. 

But  the  experiments  are  far  from  being  sufficiently  exact  to  serve  as  a 
basis  for  calculations.  In  fact  only  a  small  number  of  chemically  impure 
metals  have  been  tested  by  the  methods  of  extension  and  of  rupture, 
which  seem  to  me  better  adapted  to  researches  on  vibrations  than  to  the 
study  of  molecular  forces.  It  was  with  this  view  that  I  made  the  exper- 
iments in  vibrations  of  bars  of  chemically-pure  metals,  the  results  of 
which  I  have  the  hooor  to  submit  to  the  Academy. 


ON  THE  ELASTICITY  AND  TENACITY  OF  THE  ALLOYS. 

By  M.  G.  Wertheim.* 

(Abstract  by  the  author.) 

In  a  previous  work  which  I  had  the  honor  to  present  to  the  Academy 
during  the  session  of  July  18, 1842, 1  considered  the  mechanical  proper- 
ties of  the  simple  metals.  After  having  examined  and  compared  the 
different  methods  of  studying  elasticity  in  relation  to  ordinary  as  well 
as  to  high  temperatures,  I  applied  these  methods  to  the  pure  metals  and 
obtained  results  of  which  I  will  describe  only  those  which  serve  as  the 
basis  of  the  new  work. 


33  T  M 


*  Comptcs  Rendu*,  vol.  16,  1845,  pp.  978-1000. 
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It  was  shown  by  these  experiments — 

1st.  That  the  coefficient  of  elasticity  is  not  constant  for  the  same  metal, 
bat  that  it  changes  with  the  density  and  in  the  same  way. 

2d.  That  the  longitudinal  and  transverse  vibrations  produce  a  coeffi- 
cient of  elasticity  a  little  greater  than  that  deduced  direct  by  elongation. 

ad.  That  experiment  agrees  with  analysis  as  to  the  relation  which 
should  exist  between  the  coefficient  of  elasticity  and  the  mean  distance 
of  the  molecules ;  that  is,  whenever  in  the  same  metal  this  distance 
becomes  greater  the  coefficient  of  elasticity  diminishes,  and  reciprocally; 
consequently  the  different  metals  form  the  same  series  whether  arranged 
according  to  their  coefficients  of  elasticity,  or  according  to  the  proximity 
of  their  molecules. 

4th.  That  the  product  of  the  coefficient  of  elasticity  by  the  seventh 
power  of  the  mean  relative  distances  of  the  molecules  is  the  same  for 
the  greater  part  of  the  metals. 

In  this  second  paper  <irhich  I  have  the  honor  to  present  to  the  Acad- 
emy, my  object  is  to  see,  first,  if  these  laws  are  equally  applicable  to 
alloys.  Then  to  ascertain  whether  the  mechanical  properties  can  assist 
us  to  an  understanding  of  the  arrangement  of  the  molecules  of  the  con- 
stituent inetals  of  the  alloys;  and,  finally,  to  seek  for  some  relations 
between  the  properties  of  the  alloys  and  those  of  the  constituent  inetals. 

In  general,  the  alloys,  in  spite  of  their  frequent  employment  in  the 
arts,  have  not  yet  been  studied  as  to  their  elasticity.  The  coefficients 
of  elasticity  of  two  alloys  alone,  that  of  brass  and  that  of  bell-metal, 
have  been  determined  by  Tredgold,  Savart,  Bevan,  aud  Ardant. 

The  cohesion  of  the  alloys,  on  the  contrary,  has  been  the  object  of  a 
long  series  of  experiments,  especially  on  the  part  of  Mussehembroek  and 
Karmasch,  but  yet  no  general  law  has  been  found.  The  alloys  which  I 
have  used  in  my  experiments  have  been  prepared  in  part  of  the  pure 
metals  employed  in  my  former  researches,  and  in  part  of  the  purest 
metals  of  commerce.  After  mixing  them  well,  I  stirred  them  frequently 
while  in  fusion,  then  poured  them.  The  ductile  alloys  were  drawn,  the 
others  filed  to  the  requisite  size.  I  will  not  go  into  the  details  of  these 
experiments,  which  were  precisely  similar  to  those  made  on  simple 
metals,  but  only  say  that  I  feel  bound  to  analyze  chemically  all  the 
alloys,  although  I  might  have,  for  the  most  part,  mixed  the  metals  by 
atomic  weights,  or  the  simple  multiples  of  those  weights.  But  the  un- 
equal oxidization  or  the  partial  vaporization  of  a  constituent  has  often 
and  considerably  changed  the  proportions. 

When  the  alloys  were  composed  of  metals  whose  specific  weights  were 
very  different,  or  when  they  offered  inequalities  of  color  or  of  malleability, 
I  made  the  analysis  on  parts  taken  from  the  two  extremities  of  the  cast 
bar;  consequently,  with  these  analyses,  I  was  obliged  to  reject  a  large 
number  of  non- homogeneous  bars. 

My  experiments  were  made  upon  fifty -four  binary  alloys  and  nine 
ternary  alloys,  among  which  are  found  also  most  of  the  alloys  employed 
in  the  arts,  such  as  brass,  pinchbeck,  gong-metal  annealed  and  un an- 
nealed, bronze,  packfong,  type-metal,  &c. 

These  experiments  gave  the  following  results: 

1st.  If  we  suppose  all  the  molecules  of  an  alloy  to  be  the  same  dis- 
tance from  one  another,  as  seems  natural,  we  find'  that  the  smaller  the 
mean  distance  the  greater  is  the  coefficient  of  elasticity.  We  notice  fre- 
quently some  exceptions  in  the  series  of  alloys,  and  further,  the  product 
qal  which  is  almost  constant  for  simple  metals,  varies  greatly  in  the 
alloys.  It  is  possible  that  another  hypothesis  on  the  molecular  arrange- 
ment will  cause  this  objection  to  disappear. 
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2d.  The  coefficient  of  elasticity  of  the  alloys  agrees  sufficiently  well 
with  the  mean  of  the  coefficient  of  elasticity  of  the  constituent  metals, 
some  alloys  of  zinc  and  copper  being  the  only  exceptions.  The  only 
condensations  and  expansions  which  occur  during  the  formation  of  the 
alloy  do  not  sensibly  aftect  the  coefficient.  We  can  then  calculate  be- 
forehand what  should  be  the  composition  of  an  alloy  in  order  that  it 
may  have  a  given  elasticity,  or  that  it  may  conduct  sound  with  a  given 
rapidity,  provided  that  this  elasticity  or  this  velocity  fall  within  the 
limits  of  the  values  of  these  same  quantities  for  the  known  metals. 

3d.  Neither  the  tenacity,  nor  the  limit  of  elasticity,  nor  the  maximum 
elongation  of  an  alloy  can  be  determined  a  priori  by  means  of  the  same 
quantities  as  determined  for  the  metals  which  compose  them. 

4th.  The  alloys  act  like  the  simple  metals  as  to  longitudinal  and  trans- 
verse vibrations,  as  well  as  elongation. 


RESEARCHES  ON  THE  METALLIC  ALLOYS. 
By  M.  Alfred  Riche.* 

There  is  no  study  more  generally  neglected  than  that  of  the  metallic 
alloys.  This  very  general  neglect  is  due  to  the  fact  that  the  character- 
istics upon  which  we  rely  in  determining  the  purity  of  substances  are 
usually  inapplicable  to  these  substances.  The  melting  points,  even,  can- 
not be  determined,  either  because  decomposition  takes  place  before  they 
attain  their  high  temperature,  or  because  we  have  no  precise  means  for 
determining  such  high  temperatures. 

In  the  second  place  their  crystalline  form  is  not  a  gauge  of  their 
purity,  for  Cooke  and  Matthiessen  and  De  Bose  have  recently  shown 
that  the  crystalline  form  of  certain  alloys  does  not  vary  even  when  16 
per  cent,  of  one  of  the  two  metals  is  substituted  for  16  per  cent,  of  the 
other. 

Finally,  liquation  often  prevents  the  precise  determination  of  the 
point  at  which  the  metal  melts  and  solidifies.  This  latter  property, 
however,  enabled  M.  Rudberg  to  prove  the  existence  of  true  chemical 
combinations  among  the  numerous  alloys  of  the  two  metals,  but  it  can 
only  be  utilized  in  a  few  cases  where  the  point  to  be  determined  is  that 
of  the  melting  of  alloys  at  low  temperature.  There  is  another  charac- 
teristic of  which  we  take  advantage  in  other  cases,  especially  when  we 
wish  to  determine  the  combinations  that  water  forms  with  the  mineral 
acids;  this  is  the  maximum  contraction. 

It  seems  to  me  that  this  should  be  a  characteristic  of  all  the  metals, 
but  there  exists  to  my  knowledge,  at  least,  no  data  on  the  subject.  It  is 
only  known  that  certain  alloys  are  more  dense  really  than  they  are  the- 
oretically, and  that  in  others,  on  the  contrary,  the  density  given  by  ex- 
periment is  less  than  the  average  density  of  the  constituent  metals. 

I.  Alloy 8  of tin  and  lead. 

Density  of  the  melted  tin  employed ~~ - 7.30 

Deusity  of  the  melted  lead  employed 11.364 

The  following  table,  of  which  the  first  column  contains  the  theoretical 
density  of  the  alloys,  the  second  their  density  as  given  by  experiment, 
and  the  third  the  difference  between  these  two  densities,  shows  that 

*  Comjpte*  Eendusy  vol.  55,  1862,  pp.  143-147. 
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there  is  sometimes  dilatation  and  sometimes  contraction,  and  that  the 
maximum  of  contraction  corresponds  exactly  to  the  alloy  Sn*  Pb : 

[The  sign  —  indicates  dilatation ;  the  sign  +  indicates  contraction.] 


Theoretical. 

Experimental. 

Difference. 

Density. 

Density. 

Sn*Pb 

a  047 
a  193 
8.289 
a  407 
8.562 
8.764 
9.044 
9.455 
10.115 
10.437 

8.046 

a  195 

8.2915 

a  414 

8.565 

8.7662 

9.046 

9.451 
10. 110     . 
10. 419 

0.001 

8n*Pb 

+0.002 
+0. 0025 
+0.007 
+  0.003 
+  0.0022 
+0.002 
0.004 

Sn7Pb* 

Sn»Pb 

Sn*Pb» 

Sn»Pb 

Sn»Pb» 

Sn  Pb 

Sn  Pb* 

0.005 

Sn  Pb» 

0.018 

The  differences  being  slight  I  made  a  large  number  of  determinations, 
especially  ori  the  alloy  Sn3  Pb  and  those  near  it;  it  is  for  this  reason 
that  I  took  the  density  of  the  alloys  corresponding  to  the  formulae  Sn7 
Pb2  and  SnJ  Pb2. 

For  the  alloy  Sn3  Pb  alone  I  made  seventeen  determinations,  which  all 
gave  numbers  varying  between  8,417  and  8,411.  I  worked  each  time 
upon  newly  prepared  samples  in  quantities  varying  between  45  and  75 
grammes  at  varying  temperatures. 

The  alloys  were  prepared  directly  by  melting  in  earthen  crucibles, 
stirring  carefully,  then  cooling  in  a  long  and  narrow  cast-iron  ingot 
mold  of  such  shape  that  solidification  took  place  almost  instantly,  and 
consequently  liquation  did  not  affect  the  product  obtained. 

The  density  of  the  entire  ingot,  and  not  of  a  portion  of  it,  was  taken. 
The  hydrostatic  balance  was  employed.  The  numbers  obtained  corre- 
spond to  the  temperature  of  18°  O.  Analysis  of  the  alloy  Sn3  Pb  and  ot 
the  alloys  near  it  was  afterwards  made,  and  the  numbers  given  by  ex- 
periment correspond  with  the  theoretical. 

Is  the  alloy  Sn3  Pb  a  distinct  chemical  compound  t  It  seems  to  me 
unquestionable,  for  this  is  the  point  of  saturation,  the  point  of  maximum 
contraction,  and  this  point  corresponds  to  an  atomic  combination. 

Besides — and  it  is  for  this  reason  that  I  commenced  my  researches  on 
the  alloys  of  tin  and  lead  which  were  the  principal  subject  of  the  works 
of  M.  Itudberg — this  alloy  is  the  only  chemical  compound  which  he 
admits  to  exist  between  these  two  metals.  Two  different  methods, 
then,  lead  to  the  same  conclusion: 

II.  Alloys  of  lead  and  bismuth. 

Density  of  the  lead 11.364 

Density  of  the  hismnth 9.830 


Theoretical. 

Experimental. 

Difference. 

Remarks. 

Density. 

Density. 

Bl»Pb 

30.099 
10. 288 
10.536 
10.  622 
10. 448 
10.748 
10.  797 
10.874 
10.932 
10. 979 

10.232 
10. 519 
10. 931 
11.038 
11.108 
11.166 
11. 194 
11.209 
11. 225 
U.235 

+0. 133 
+0.231 
+0.395 
+0.416 
+  0.660 
+  0.418 
+0.397 
+0. 335 
4-0. 293 
+0. 254 

Bl  Pb 

Bi  Pb» 

M*Pb* 

Bi  Pb8 

Maximum  contraction. 

Bi*  Fbr 

Bi  Pb* 

Bi  Pb» 

Bl  Pb« 

Bi  Pb7 
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The  maximum  contraction,  then,  corresponds  to  the  alloy  Bi  Pb3,  and 
on  the  other  side  of  this  alloy  a  very  regular  diminution  in  contraction 
will  be  noticed.  The  differences  being  very  great  both  between  the 
theoretical  and  experimental  density,  and  between  the  density  of  each 
alloy  and  that  of  its  neighbors,  I  only  made  two  determinations  for  each 
alloy.  As  analysis  of  the  ends  and  of  the  middle  of  the  ingot  formed 
by  the  alloy  Bi  Pb3  gave  the  same  numbers,  it  seems  to  me  that  this 
alloy  should  be  considered  as  a  chemical  compound. 

M.  Rndberg  did  not  experiment  upon  this  alloy  Bi  Pba,  which  is  of  a 
grayish-white,  and  formed  entirely  of  little  crystals.  Distilled  water 
attacks  it  with  sufficient  rapidity  to  give  birth  to  little  pearly- white 
spangles,  which  are  held  in  suspension  in  this  liquid  when  it  is  stirred. 

III.  Alloys  of  antimony  and  lead. 

Density  of  the  antimony., 6.641 

Density  of  the  lead 12.364 


Theoretical. 

Experimental. 

Bomarks. 

Density. 

Density. 

Sb*Pb 

7.237 
7.385 
7.851 
R  271 
9.046 
9  510 
9.819 
10.040 
10.206 
10.335 
10. 438 
10. 521 
10.  592 
10.652 
10. 702 
10.  746 
10.785 

7.214 
7.361 
7.622 
8.233 

9.' 502 
9.817 
10.040 
10.211 
10.344 
10.455 
10.541 
10. 615 
10.673 
10. 722 
10. 764 
10.802 

—.033 
-.024 
-.029 
-.038 
—.047 
-.008 
—.002 
tfulla. 

8b»Pb 

8b*  Pb 

SbPb 

SbPb* 

"Maximum  dilatation. 

SbPb* 

Sb  Pb4 

8b  Pb* 

SbPb* 

k005 
-.009 
-.017 
-.020 
-.023 
-.021 
-.020 
-.018 
I-.017 

Sb  Pb* 

Sb  Pb» 

Sb  Pb» 

Sb  Pb" 

"Mftxluinm  contraction. 

Sb  Pb" 

Sb  Pb« 

Sb  Pb" 

Sb  Pb" 

The  maximum  of  contraction  corresponds  moreover  to  an  atomic  alloy 
Sb  Pb10,  which  has  a  rather  simple  composition,  and  near  the  alloy  Sb 
Pb2  is  the  maximum  of  dilatation.  The  phenomena  are  therefore  more 
complicated  than  iu  the  preceding  cases. 

These  alloys  are  crystalline.  The  alloys  near  Sb  Pb2  crystallize  in  quite 
large  scales.    Thecrystalsof  thefollowiugare  veryiine  yet  very  distinct : 

IV.  Alloys  of  tin  and  bismuth. 

I  have  been  able  to  make  bat  one  series  of  experiments  on  pure  bis- 
muth.   I  propose  to  prepare  some  anew  in  order  to  verify  them. 


Theoretical. 

Experimental. 

Remarks. 

Density. 

Density. 

Bi'Sn 

9.426 
0.135 
8.740 

8.491 
8.306 
8.174 
a  073 
7.994 

9.434 
9.145 
8.754 
8  506 
8.327 
8.199 
.    8.097 
a  017 

k008 
-.010 
-014 
-.015 
-.021 
-.025 
-.024 
-.023 

Bi  So 

BiSn* 

BiSn* 

BiSn4    

BiSn8 

Maximum  contraction. 

BiSu« 

BiSn7 

The  maximum  of  contraction,  therefore,  should  take  place  in  the  alloy 
Bi  Sn5  which  is  a  silvery-white  metal  formed  of  little  crystalline  grains 
commingled.  This  alloy  was  not  attacked  by  distilldd  water ;  at  the 
end  of  several  hours  it  retained  its  brilliancy  and  its  silvery  luster. 
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EESEAECHES  ON  THE  ALLOYS. 

By  M.  Alfred  Richk.* 

In  this  note,  which  is  a  summary  of  a  general  research  on  the  alloys, 
I  have  to  do  only  with  the  alloys  of  copper  and  tin  with  respect  to  their 
density,  liquation,  and  fusibility. 

Density. — The  first  determinations  were  made  on  bars  weighing  from 
50  to  60  grammes,  but  no  great  importance  can  be  attached  to  the  re- 
sults obtained  on  account  of  the  considerable  variations  which  exist  in 
the  texture  of  the  different  alloys,  and  for  this  reason  I  afterward  worked 
with  these  materials  reduced  to  fine  powder.  The  subjoined  table  shows 
a  new  fact,  namely,  that  the  contraction  increases  quite  regularly  from 
the  alloys  very  rich  in  tin,  up  to  the  alloy  Sn  Cu2,  and  that  from  this 
point  it  suddenly  increases,  attaining  a  maximum  when  the  tin  and  cop- 
per are  in  the  relation  of  1: 3.  From  this  alloy  the  density  diminishes, 
then  again  increases  quite  regularly,  but  the  density  of  the  alloys  con- 
taining most  copper  is  less  than  that  of  the  alloy  Sn  Cu3,  which  contains 
only  62  per  cent,  of  copper.  Besides,  this  alloy  is  clearly  different  from 
all  the  others  in  its  characteristics  j  it  is  brittle  enough  to  be  pounded  in 
a  mortar,  and  is  seen  in  bluish  crystalline  grains,  which  in  no  respect 
resemble  tin  or  copper. 

Density  of  the  alloys  of  copper  and  tin. 


Formula  of  the  alloy. 


Centesimal 
composition. 


Density 
of  the 
bars. 


Density  of  the  powders. 


Calculated 
density. 


Diflfer- 


SnflCu  

Sn«Cu 

Sn'Cu 

Sn'Cu 

SnCn 

Sn»Cu« 

SnCu* 

SnCu» 

SnCu4 

SnCu» 

SnCu* 

SnCu' 

SnCu* 

SnCu" 

Sn  Cu18,  cannon-bronze 


(Sn. 
JCu 

Sn. 

Cu. 

Sn. 

Cu. 

Sn. 

Cu. 
(Sn. 
>Cu. 
(Sn. 
\Cu. 
5Sn. 
\Cu. 
<Sn. 
>Cu. 
<Sn. 
jOu.. 
(Sn. 
$Cu. 
<Sn. 
)Cu. 
(Sn. 
{Cu. 
<Sn. 
}Cu 
<Sn. 
{Cu.. 
(Sn. 
JCu. 


.90.27? 
.  9.73  5 
.  88.16/ 
.11.845 

84.79J 
.15.215 
.78.79) 
.21.21  5 
.85.01* 
.34.99$ 
.55.  33  * 
.44.  67  5 
.48. 16  * 

51.84  5 
.38.21* 
.61.79  5 

31.  72  * ! 
.68.28* 
.27.09) 
.72.  01  5 

23.69* 

76.  31  5 
.20. 98  * 
.79.  02  5 
.18.85* 

81. 15  5 
.15.67* 

84.33  5 
.11.00* 
.89.00  5 


7.52 
7.50 
7.53 
7.74 
a  12 
a  30 
&57 
8.96 
8.80 
8  87 
8.91 
a  90 
a  86 
8.83 
8.80 


57.23 J72fi 

(7.04 )73. 

>7.58 57,81' 

{?:S:::::::::.t«- 
{?:£:::::::::>»• 

(7.93 *7fl0 

{7.87 yw- 

saoo *«  m 

Jan J806' 

58.07  *„1K 

(  a  86-8.  84-8.  99  (a  ai 
)8.93-a92-a90\a*W1- 

58.65-8.85 *fl  „ 

>8.80 5*'7- 

(8.73-8.59 *fi  jw, 

)8.51-a65 5 

|SS::::::::::}*-- 

tfS::::::::::}*"- 
{ir62-::::}*"- 

(8.72-9.04  ....  *fl  „ 

\  8. 98-8. 73 5 

(8.97-8.74 *ft  ». 

Ja81 5 


7.43 
7.46 
7.50 
7.58 
7.79 
7.93 
8.04 
a  21 
a  32 
a  40 

a  46 
a  60 
a  54 
a  60 
a  69 


—0.15 
-9.51 
-0.06 
+0.25 
+0.11 
+0.13 
+0.11 
4-0.70 
+0.45 
+0.22 
+0.19 
+0.22 
+0.30 
+0.27 
+0.15 


Liquation. — The  separation  of  the  alloys  into  other  alloys  at  the  mo- 
ment of  solidification  is  not  as  marked  as  that  of  the  alloys  of  silver  and 
copper.  In  order  to  show  this  characteristic,  tbe  material  must  be  stirred 
at  the  moment  of  solidification  in  order  to  separate  the  little  drops  of 
metal  from  the  crystals  already  formed. 

•  Annates  de  Chimie,  vol.  30, 1873,  pp.  301-419 ;  Dingier^  Journal,  vols.  213, 214 ;  1874. 
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The  following  results  were  obtained  on  the  last  sample  left  liquid  in 
a  mass  weighing  1,000  to  1,200  grammes : 


Formula  of  the  alloy. 

Calculated 
weight  of  tin. 

wiJC*toj|  *«•*•'••«>''* 

Calculated 
weight  of  tin. 

Weight  of  tin 
as  found. 

8n»Cu 

90.27 
84.79 
78.79 
65.01 
46.49 
37.37 
31.72 

98.50 
96.99 
94.40 
82.83 
50.42 
37.29 
31.15 

1  SnCn« 

27.09 
23.69 
19.98 
18.)>5 
liV.67 
11.00 

27.76 

Su*Cu    

Sn  Cu6 

26.17 

Sn»Cu 

SnCu* 

24.85 

SnCu 

Sn  Cu8 

24.62 

SnCu* 

SuCn10 

24  50 

SnCu8 

SnCu1* 

14.35 

SnCu4 

Consequently,  liquation  is  exhibited  by  all  the  alloys  except  Sn  Cu3 
and  Sn  Cu4. 

Fusibility. — In  order  to  determine  the  fusibility  of  the  alloys,  I  have 
recourse  to  the  thermo  electric  couple  of  platinum  and  palladium  of  M. 
Beequerel.  This  apparatus  was  made  by  M  Knhmkorff.  It  may  render 
great  service  to  chemists,  and  is  already  employed  in  the  metal  foundery 
and  in  the  pottery  manufactory;  but  instead  of  using  an  ordinary  gal- 
vanometer, I  employed  Weber's  needle,  which  is  much  more  sensitive. 

I  worked  ordinarily  on  the  preceding  alloys  and  on  the  metals  of 
which  the  points  of  fusion  and  of  ebullition  have  beeu  taken  as  fixed 
points  by  various  experimenters. 

From  the  numerous  determinations  that  I  made,  it  follows  that  the 
solidification  of  the  alloys  Sn  Cu3  and  Sn  Cu4  took  place  at  a  tempera- 
ture intermediate  between  the  point  of  fusion  of  antimony  and  the  boil- 
ing point  of  cadmium. 

Boiling  water  tinder  a  pressure  of  76  centimeters 24 

Solidification  of  tin 57 

Solidification  of  antimony 206 

Solidification  of  Sn  Cu» 247 

Solidification  of  SnCu4 265 

Ebullition  of  cadmium 335 

I  tried  this  determination  on  all  the  preceding  alloys,  and  will  give 
the  results  in  the  detailed  memoir;  but  it  is  clear  that,  on  accouut  of 
liquation,  we  can  obtain  an  exact  result  only  with  the  alloys  Sn  Cu3  and 
Sn  Cu4,  in  which  there  is  no  sensible  liquation. 

In  a  previous  paper  I  gave  the  fusibility  and  density  of  the  bronzes, 
and  I  showed  that  the  alloy  Sn  Cu3  does  not  separate  into  other  com- 
pounds  even  when  it  is  kept  melted  and  stirred  for  a  long  time.  I  stated, 
as  Calvert  and  Johnson  had  previously  shown,  that  copper  and  tin  exhibit 
maximum  contraction  in  this  alloy,  contrary  to  the  opinion  of  other  ex- 
perimenters, who  have  maintained  that  contraction  increases  with  the 
proportion  of  tin.* 

The  errors  on  this  point  and  the  differences  which  exist  between  the 
numbers  obtained  by  Calvert  and  Johnson  and  mine  are  probably  due 
to  the  fact  that  I  worked  on  alloys  reduced  to  fine  powders,  while  the 
other  experimenters,  and  probably  the  able  English  authorities  them- 
selves, made  use  of  ingot  metal.  Now,  supposing  that  they  avoided  the 
formation  of  blowholes  in  cooling,  the  texture  of  the  alloys  presents  such 
differences,  and  the  density  of  certain  bronzes  varies  so  greatly  with  the 
rapidity  of  cooling,  that  the  materials  cannot  be  compared  if  plates  or 
ingots  are  employed. 

I.  Caron,  in  his  celebrated  researches  on  steel,  has  undoubtedly  proved 
that  tempering  diminishes  the  density  of  this  body.  It  is  said  that  the 
same  is  true  of  the  bronze  of  sonorous  instruments.!  My  experiments, 
recapitulated  hi  the  following  table,  show  the  contrary. 


*  Briche,  Traite  de  Chimie  de  M.  Dumas,  t.  iii,  p.  512. 
tDusaussoy,  Traite'  de  Chimie  de  M.  Dumas,  t.  iii,  p.  517. 
et  de  Phys.,  3d  serie,  t.  xii,  p.  593. 


Wertheim,  Annales  de  Chim. 
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Then,  tempering  and  annealing  prodoce  entirely  different  effects  upon 
steel  and  upon  bronze;  while  tempering  diminishes  the  density  of  the 
former,  it  increases  the  density  of  the  latter.  The  fact  is  no  more  than 
natural,  for  tempering  hardens  wrought  steel,  while  it  softens  bronze. 
As  to  aonealing,  it  increases  the  density  of  tempered  steel,  while  it  di- 
minishes the  density  of  tempered  bronze. 

Huntsmann  steel  used  in  making  coin  at  the  mint  of  Paris. 


Number  of  order. 

i 

'J 

1 

8 

1 

a 

i 

Is 

V 

fl* 

Hi 
I" 

1 

7.841 
7.  Ml 
7.839 
7.839 
7.839 
7.846 
7.839 

7.843 
7.843 
7.845 
7.84J 

7.758 
7.755 
7.7to3 
7.705 

2 

3 

4 

""7.735" 

7. 749 
7.738 

6 

7.831 

0 

7  833 

7 

7. 8i'8 

Bronze  at  20  per  cent. 

[sonorous 

ifwfrumentw). 

1 

•     0 

I 

I1 

a 
2, 

H 

■a* 

1 

3 

1 

H. 

ll 

Denaity  after  tem- 
pering,   anneal- 
ing, and  aecond 
tempering. 

Density  after  an- 
nealing, temper- 
ing, and  aecond 
anneal  ng. 

8* 
feS?t 
3ftfi 

i» 

Denaity  after  2  an- 
neal inga,  2  tm- 
peringa,  and  a 
third  annealing. 

1 

a787 
a  858 
8.826 
8.863 
8.863 
8.737 
8.873 

A8T3 
8. 9!  5 
8.863 
8.706 
8.906 

8.817 
8.907 
8.847 
8  886 
8.894 

a  849 
8.987 
8.874 
a  907 
a  922 

2 



3 



4 

5 

""  8.733 
8.782 

**"8."763 
a  911 



'    "    1 

6 

8.753 

8.889 

a  775 
a  926 

a  786 

7 

A9°7 

II.  In  view  of  these  results,  it  will  be  interesting  to  know  whether  these 
differences  are  shown  when  the  materials  are  subjected  to  hammering  or 
to  the  press.  The  following  table  shows  the  variations  in  density  when 
steel  and  bronze  are  subjected  to  the  successive  action  of  blow  and  of 
heat:* 


Initial  density 

Density  after  action  of  fire 

Density  after  fit  at  blow 

Density  after  second  action  of  fire  . 

Density  after  second  blow 

Density  after  third  action  of  flre. . . 

Density  after  third  blow 

Density  after  fourth  action  of  Are. . 

Density  after  fourih  blow  

Density  after  fifth  action  of  flre — 


Steel. 


7.845 
7.849 
7.839 
7.844 
7.838 
7.844 
7.837 
7.849 
7.849 
7.844 


Bronze. 


Tempering. 


7.847 
7.849 
7.843 
7.843 
7.839 
7.845 
7.841 
7.854 
7.849 
7.845 


a527 
a  543 
8.771 
a  777 
8.871 
a877 
8.918 
8.927 
a  937 
8.945 


Annealing. 


a  060 
a653 

a  738 
8.790 
a  833 


*  These  metals  were  in  sheets  weighing  from  80  to  150  grammes.  They  were  struck 
under  a  press  worked  by  lour  men.  The  steel  had  been  annealed.  The  bronze  had 
been  tempered  in  some  experiments  and  annealed  in  others.  The  materials  were  placed 
in  the  same  sheet-iron  case,  surrounded  with  coal  dust. 
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Bence,  blows  act  very  differently  on  bronze  and  on  steel.  They  con- 
siderably increase  the  density  of  the  former,  while  they  produce  scarcely 
any  sensible  difference  in  steel,  though  the  tendency  is  to  diminish  its 
density.  If  this  latter  effect  is  realized  in  all  the  conditions  of  the  blow 
for  steel,  we  may  conclude  that  the  blow  produces  in  these  two  cases 
the  same  result  as  tempering.  The  fact  is  unquestionable  for  bronze 
at  least;  and  as  in  this  case  the  action  of  heat  and  of  blows  tend  both 
in  the  same  direction,  the  density  increases  considerably ;  indeed,  after 
five  temperings  the  density  increased  nearly  one-twentieth. 

We  see,  then,  how  on  the  one  hand  a  block  of  steel  subjected  to  im- 
pression in  making  coin  undergoes  thirty  and  even  sixty  annealings 
without  being  affected;  and  we  see  on  the  other  hand  how  all  the  at- 
tempts made  in  our  country  to  manufacture  tamtams  and  cymbals  with 
the  metal  of  the  Chinese  and  Turks  have  been  unsuccessful,  for  the  metal 
once  melted  it  was  made  red-hot  or  tempered,  and  then  worked  cold;* 
all  operations  which  contract  the  metal,  and  make  it  liable  to  fracture 
during  the  working. 

In  order  to  succeed,  the  Oriental  method  of  working  must  be  exactly 
followed.  Now,  we  understand  this  method  perfectly,  thanks  to  various 
travelers,  and  especially  to  M.  Champion,  of  the  Conservatoire  des  Arts 
et  Metiers,  who  describes  the  operation  in  all  its  details  in  a  work  which 
will  shortly  be  published.  This  method  is  very  reasonable.  Every  part 
of  the  work  which  has  for  its  object  the  thinning  of  the  cast  metal  is 
done  by  rapid  hammering  at  a  high  temperature.  The  dilatation  pro- 
duced by  heat  counterbalances  the  contraction  caused  by  the  ham 
meriug. 

111.  Copper  subjected  to  successive  tempering  and  annealing  presents 
nothing  similar.  The  density  scarcely  varies.  It  falls  a  little,  for  after 
seven  operations  it  was  reduced  from  8.921  to  8.781.  No  marked  differ- 
ence can  be  observed  in  the  effect  of  tempering  and  annealing.  It  is 
the  same  for  the  bronzes  containing  but  little  tin. 

If  in  making  copper  medals,  the  medal  still  red-hot  be  plunged  into 
acidulated  water,  it  is  simply  to  avoid  the  considerable  oxidization  pro- 
duced by  slow  cooling  in  contact  with  air. 

I  had  some  copper  medals  struck,  and  determined  the  density  after 
each  compression  and  after  each  cooling.  I  found  that  after  six  opera- 
tions the  density  had  again  become  what  it  was  after  casting.  This 
peculiarity  and  the  softness  of  the  copper  make  this  metal  one  especially 
adapted  to  making  medals. 

Analyses  of  antique  medals  show  that  the  ancients  sometimes  employed 
copper  for  this  purpose,  but  generally  bronze,  and  that  the  proportion 
of  tin  varied  between  one  and  twenty  per  cent. 

After  having  discovered,  by  means  of  an  ingenious  apparatus  made  by 
M.  Magna,  that  bronzes  containing  two  to  four  per  cent,  of  tin  are  not 
much  harder  than  copper,  I  had  some  medals  of  copper  and  of  other 
alloys  struck,  without  any  difference  in  the  mode  of  working.  The  differ- 
ences were  not  very  noticeable  for  medals  of  35  millimeters  and  under, 
but  became  very  marked  in  strips  of  50  and  68  centimeters. 

While  in  making  a  medal  the  copper  had  to  undergo  but  7  compres- 
sions and  7  annealings,  there  were  required  10  for  bronze  of  97  of  copper 
and  3  of  tin ;  12  for  bronze  of  96  of  copper  and  3.5  of  tin ;  13  to  14  for 
bronze  of  96  of  copper  and  4  of  tin ;  16  at  least  lor  bronze  oi  95  of  cop- 
per and  5  of  tin. 

*  We  read,  it  is  trne,  in  several  works  on  chemistry,  that  this  method  is  satisfactory. 
Our  best  manufacturers,  M.  Lecomte  and  M.  Gautrot,  assured  me  that  no  one  bad  yet 
succeeded  in  making  tamtams  and  cymbals  with  the  metal  of  the  Orientals.  (C.  It., 
1869,  Semestre,  t.  lxix,  No.  5.) 
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The  introduction  of  zinc  softens  the  metal  slightly,  for  14  compressions 
were  sufficient  to  make  the  same  medal  with  an  alloy  containg  95  cop- 
per, 4  tin,  1  zinc,  and  16  to  18  were  necessary  with  an  alloy  containing 
94  copper,  4  tin,  and  2  zinc,  which  was  formerly  employed. 

Very  important  works  on  the  alloys  have  been  published  within  a  few 
years  by  MAI.  Wertheim,  Levol,  Matthiessen,  Calvert  and  Johnson,  &c. 
Yet  we  are  far  from  understanding  satisfactorily  the  general  properties 
of  the  more  important  classes  of  these  bodies,  such  as  bronze  and  brass, 
and  I  have  devoted  myself  to  filling  up  some  of  the  gaps  in  our  knowl- 
edge of  these  subjects.  In  this  first  paper  I  consider  more  especially  the 
alloys  of  copper  and  tin  with  reference  to  their  fusibility,  liquation,  and 
the  modifications  which  take  place  in  their  volume,  under  the  influences 
of  annealing,  heating,  and  mechanical  action.  Afterwards,  I  speak  more 
briefly  of  copper,  of  its  alloys  with  zinc,  aluminium,  nickel,  and  iron,  and. 
finally  I  compare  these  bodies  with  steel,  irou,  and  glass,  with  reference 
to  the  variation  in  volume  that  tempering  and  annealing  produce  in  these 
different  substances. 

The  determination  of  the  mechanical  properties  remained  to  be  con- 
sidered. Not  having  at  my  disposal  the  uecessary  apparatus,  I  applied 
to  M.  Tresca,  who  has  established  at  the  "  Conservatoire  des  Arts  et  Me- 
tiers n  special  apparatus  for  this  sort  of  experiments,  and  I  shall  shortly 
publish,  in  common  with  M.  Alfred  Tresca,  the  second  part  of  this  work, 
including  the  study  of  the  mechanical  properties  of  copper,  tin,  zinc,  and 
their  principal  alloys,  prepared  in  atomic  proportions. 

§  L— FUSIBILITY  OF  SOME  METALS  AND  ALLOYS. 

Liquation  of  bronze. 

I  have  tried  various  means  to  determine  the  fusibility  of  metals  which 
melt  at  high  temperatures,  and  it  seems  to  me  that  only  one  can  be  prac- 
tically applied  and  furnish  sufficiently  exact  results;  this  is  the  thermo- 
electric pyrometer,  formed  by  the  junction  of  a  wire  of  platinum  and  one 
of  palladium  (an  apparatus  proposed  in  1835  by  M.  Becquerel,  senior, 
and  carefully  considered  by  M.  Edmond  Becquerel  in  1863). 

This  instrument  allows  of  the  temperature  being  measured  by  com- 
paring the  deviation  produced  at  the  moment  when  the  matter  solidifies 
or  melts,  with  the  deviation  observed  in  baths  having  a  fixed  tempera- 
ture. This  pyrometer,  so  graduated,  may  be  of  great  service  in  chemical 
and  industrial  pursuits.  M.  Bubmkorft',  who  makes  these  instruments, 
has  introduced  them  into  the  establishments  of  the  founders  and  pottery 
manufacturers. 

The  needle  employed  in  manufactures  is  an  ordinary  one,  but  for  re- 
searches, where  precision  is  required,  it  is  necessary  to  make  use  of 
Weber's,  which  I  have  employed.  The  only  difficulty — and  it  is  a  very- 
serious  one — is  in  finding  a  position  for  it  where  ic  will  not  shake  or 
trembie. 

I  use  at  least  one  kilogram  of  alloy.  When  it  is  fusible  at  a  low  tem- 
perature it  is  heated  in  a  crucible  in  which  the  porcelain  tube  contain- 
ing the  pyrometer  is  placed.  When  it  melts  at  a  high  temperature  it  is 
first  raised  to  that  point  in  a  blast-furnace,  and  the  crucible  of  molten 
metal  is  placed  iu  an  ordinary  laboratory  furnace  where  it  is  slowly 
cooled.  The  pyrometric  tube  previously  heated  is  then  introduced  into 
the  bath,  and  the  deviation  at  the  moment  of  solidification  is  noted. 

All  the  alloys  of  copper  and  tin  are  subject  to  liquation  at  the  moment 
of  solidification  save  those  of  which  the  composition  corresponds  to  the 
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formal®  Sn  Cu3  and  Sn  Cu4.  The  liquation  is  slight  for  the  alloy  in 
which  tin  and  copper  are  in  the  relation  of  1 :  15,  and  considerable  for 
the  others,  in  such  decree  that  it  is  impossible  to  determine  the  fusibility 
of  any  except  the  alloys  Sn  Cu3  and  Sn  Cu4. 

Three  series  of  experiments  have  been  made.  In  the  last  two  the 
wire  wound  around  the  bobbin  of  the  galvanometer  was  much  longer, 
and  in  one  section  ten  times  smaller  than  the  wire  which  had  been  used 
in  the  former  series. 

This  modification  in  the  apparatus  was  made  in  order  to  increase  the 
resistance  of  the  thermo-electric  circuit  without  reducing  the  sensitive- 
ness of  the  instrument,  and  to  lessen  by  this  means  the  error  which  re- 
sults from  the  variation  in  conductibility  in  the  circuit,  which  is  caused 
by  variations  of  temperature. 

Each  day,  at  the  beginning  and  at  the  close  of  the  experiments,  those 
results  only  were  considered  good  which  were  obtained  when  the  devia- 
tion was  obviously  the  same  in  these  two  experiments. 

M.  Edmond  Becquerel  was  very  desirous  of  verifying  my  principal  re- 
sults with  my  pyrometer,  and  he  found  them  proportional  to  the  results 
obtained  by  him  for  the  same  bodies. 

Table  1. 


4 

3 

Deviations  observed. 

% 

1 

L 

n. 

ILL 

100°  c. 

23 

19 

10.5 

228 

67 

46.5 

24.2 

228 

89 

59 

32.0 

858 

01 

81 

42.5 

445 

123 

304 

55.0 

*584 

200 

18] 

95.0 

584 

247 

200 

106.0 

584 

265 

200 

106.0 

t720 

835 

200 

115.0 

720 

890 

392 

207.0 

7s» 

*406 

892 

207.0 

720 

448 

392 

207.0 

720 

475 

435 

233.0 

.5  8.9 

©  KM 


Water  boils 

Tin  solidifies 

Lead  solidifies 

Mercury  boils 

Sulphur  boils 

Antimony  solidifies 

Alloy  Sn  Cu*  solidifies 

Alloy  Sn  Cu4  solidifies  .... 

Cadmium  boils 

Coin  silver  (899)  solidifies  . 
Cannon  bronze  solidifies... 

Gold  (899)  solidifies 

Copper  solidifies 


L81 
1.92 
1.84 
1.90 
1.89 
L90 
1.88 
L88 
1.88 
1.89 
1.89 
1.89 
1.86 


*M.  Becquerel. 


t  Approximate  result. 


I  made  a  large  number  of  experiments  specially  to  determine  the  com- 
parative fusibility  of  the  alloys  of  tin  and  copper.  They  have  always 
agreed  with  Sn  Cu4,  and  especially  with  Sn  Cu3,  and  have  been  very 
irregular  with  the  others.  These  latter  results  are  caused  by  the  liqua- 
tion of  the  alloys  at  the  moment  of  solidification.  In  order  to  determine 
within  what  limits  copper  and  tin  separate  from  their  alloys  I  first  pro- 
posed to  melt  them  in  an  iron  ingot  mold,  as  Levol  did  some  large 
spherical  masses,  and  ajialyze  the  different  parts,  but  with  one  part  the 
liquated  alloy  is  not  very  hard,  and  with  another  part  the  proceeds  of 
the  mixture  have  not  the  sharpness  of  those  resulting  from  the  tests  of 
the  alloys  of  gold  and  silver,  and  I  was"  obliged  to  give  it  up  after  a 
number  of  unsuccessful  attempts. 

Two  series  of  experiments  have  been  made: 

1st.  From  500  to  700  grammes  of  alloy  were  melted  in  cylindrical 
earthen  tubes  of  three  centimeters  diameter  and  sixty  centimeters  in 
height. 

The  alloy  was  kept  in  the  tube  in  a  liquid  state  for  ten  hours,  and  left 
to  cool  very  slowly  in  the  middle  of  the  hearth,  covered  with  ashes. 
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To  avoid  oxidation  the  tubes  were  inclosed  in  a  large  earthen  box 
where  they  were  separated  by  coal-dust,  and  in  each  tube  was  placed 
coal,  which  floated  over  the  metallic  bath.  When  the  ingot  was  cool 
the  tubes  were  broken,  and  a  portion  taken  from  the  top  and  the  bottom 
of  each  alloy  for  trial. 

2d.  From  500  to  700  grammes  of  each  alloy  were  melted  in  an  earthern 
crucible  and  stirred  constantly  with  an  earthenware  rod  until  solidifi- 
cation took  place,  so  that  the  liquid  portion  did  not  remain  viscous  in 
the  midst  of  the  solidified  mass.  Then  the  portion  subjected  to  analysis 
was  poured  off. 

The  following  table  shows  that  all  the  alloys  of  copper  and  of  tin  are 
subject  to  liquation,  except  those  which  correspond  to  the  formulae  Sn 
Cu3  and  Sn  Cu4,  which  explains  the  impossibility  of  determining  the 
point  of  fusion  of  any  except  these  two.  The  liquation  is  greater  in  the 
alloys  rich  in  tin  than  in  those  in  which  copper  predominates;  for  it  is 
only  in  the  former  that  it  has  been  possible  to  observe  the  different 
compositions  at  the  top  and  bottom  of  the  ingots  obtained  after  long 
fusion  followed  by  slow  cooling. 

Table  2. 


Composition  of  alloy. 


c-{gnn*:: 
c-{&':: 


9.73; 
90. 27  J 
15.21  j 
84. 79  \ 
21.21 
7&  79 
84.99 
65.01 
51.84 
48.16 
61.79 
38. 


'ill 


79? 
21  J 


31. 72  5 
72. 91  \ 
27. 09  5 
76.81? 
23.69  5 
79. 02  \ ' 
20. 98  5  : 
81.15) 
18.85  5 
84.33) 
15.07  5 
89.00> 
11.00  3 


Bottom.  Top. 
87.87    92.90 

83.15    78.90 
81.81    84.56 


.56) 
.40  5 


74.97    77. 
58.11    75.83) 
From  55  to  80  > 

Assay  lost 

37.29  37.ee! 

30.44  30.83 

27.15  26.78 

23.37  23.69 

21.00  21.32 

18.88  18.56 

15.18  15.18^ 

15.18  15.18 


All 

Ibl 

a? 


24.85 

24.60 
20.06) 
24.50  5 
13.10 


Physical  characteristics. 


Tin  my;  soft,  like  that  metal;  non-crys- 
talline. 

Tin  gray;  crystallizes  when  cooled  slowly. 
Tin  gray;  crystallized;  quite  hard. 

Whitish  gray;  crystallized;  brittle. 

Bluish  gray;  like  zinc;  very  crystalline; 
very  brittle. 

Fine-grained;  can  be  pounded  in  a  mortar. 

White;  foliated;  fragile  as  glass. 

White,  with  yellowish  reflections;  crystal- 
line; very  hard. 

Yellowish;  finegrained;  very  hard;  malle- 
able to  dark  red. 

Physical  properties  like  the  preceding. 
Physical  properties  like  the  preceding  two. 
Yellow;  extremely  tenacious. 
Cannon  bronze. 


*  Before  fusion. 


t  After  4  fusions  in  air. 


§  II.— DENSITY  OF  THE  ALLOYS  OF  COPPER  AND  TIN. 

My  first  experiments  were  made  on  bars  of  different  alloys,  but  it 
should  be  remarked  that  even  supposing  it  were  possible  to  avoid  all 
blow-holes  in  the  cooling,  it  is  impossible  to  obtain  comparable  results 
because  of  variations  in  the  texture  of  the  bronzes.  Some  are  not  crys- 
talline, others  have  a  very  fine  grain,  and  some  are  in  large,  thin,  tabu- 
lar crystals.  The  bars  on  which  I  experimented  in  the  former  assays 
weighed  between  sixty  and  seventy  grammes.    They  were  melted  in  the 
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same  mold.  In  the  second  series  of  experiments,  filings  were  taken 
from  top  and  bottom  of  the  ingots  which  had  been  used  in  the  preceding 
trials,  in  order  to  make  two  comparable  assays  for  every  alloy.  These 
filing*  were  made  with  a  new  file,  and  were  afterwards  submitted  to  the 
action  of  a  magnet  in  order  to  separate  the  particles  of  iron  that  might 
have  been  detached  from  the  file.  The  density  was  estimated  in  this 
latter  case  by  a  hydrometer.  In  one  case  the  filings  being  placed  in  this 
vessel,  the  water  was  raised  to  the  boiling  point,  and  then  it  was  kept 
several  hours  in  vacuum. 
The  following  table  recapitulates  these  determinations : 

Table  3. 


Formulft  of  the  alloy. 


Sn«Cu. 
Sn*  Cu  . 
Sn8  Cu  . 
Sn»  Cu  . 


Centesimal 
composition. 


Sn  Cu . . . 
Sn'Cu*. 


Sn  Cu»  . 


Cu.. 

Sn... 

Cu  .. 

Sn.. 

Cu.. 

Sn... 

Cu.. 

Sn... 

Cu... 
(Sn... 
>Cu.. 
C  Sn . . . 
jCu... 

s«c*' ijci::: 

Sn... 
Cu.. 
Sn... 
Cu... 
»Sn  .. 
Cu... 

;sn... 

» Cu . . . 
[Sn.-. 
Cu.. 
[Sn... 
!Cu... 
iSn... 
>Cu... 


.90.27? 
.  9.73$ 
.88.16 


88.16* 
11.81  S 


Density 
of  the 
bans. 


SnCu*  . 
Sn  Cu»  . 
SnCu«. 
SnCn*.. 
SnCu». 
SnCu"., 
Sn  Cu". 


.84.79 
.15.21 
.78. 79  \  j 
.21.21  <  I 
.65.01) 
.34.99  5; 
.55. 33  ) 
.44. 67  i\ 
.48. 16  \ ' 
.51.84$! 
.38.21  I 
6L7DJ 
31. 72  ( 


li* 


27.09  1 
.72.91 
23.69 


.76. 31  \  • 
20.98? 
.79. 02  5  ' 
.18. 85  }  ' 
.81. 15  $  | 
.15.67?' 
.84. 33  $ | 
11.  00  ? 
89.00$ 


7.52 
7.50 
7.53 
7.74 
a  12 

a  30 

8.57 
8.98 
8.80 
8.87 
8.91 
8.90 
8.86 
8.83 
8.80 


Density  of  the  filing*. 


CK.07 

{8.23 

S  8.  86-8. 84-8. 99 

{  8. 93-8.  02-8. 90 

C8.6t-8.85 

{8.80 

C  8.73-8.59.... 
\  8. 51-K  65. 
C  8. 77-8. 85. 
1^8.54... 
(K.67... 
i  8. 77     . 

9.06-& 

8  83... 

8. 72-9. 04 

8.98-8.73 

8.97-8.74. 

8.81 


J7.28.. 

]  7. 31.. 
J  7. 44.. 
>7.59.. 
J7.90.. 
1 8. 06.. 
J8.15.. 


Calculated 
density. 


7.43 
7.46 
7.50 
7.58 
7.79 
7.98 
a  04 
8.21 
8.32 
&  40 
a  46 
8.50 
a  54 

a  60 

8.69 


Differ- 
ence. 


-0.15 
-0.15 
-0.06 
+0.01 
+6.11 
+0.13 
+0.11 
+0.70 
+0.43 
+0.22 
+0.26 
+0.22 
+0.80 
+0.27 
+0.15 


It  was  my  intention  to  bring  these  densities  back  again  to  zero,  but 
the  uncertainty  which  prevails  as  to  the  value  of  tbe  coefficients  of  dila- 
tation of  tbe  metals,  and  the  differences  that  they  present  according  to 
the  condition  in  which  the  metal  is  found,  either  free  or  combined,  have 
led  me  to  give  the  numbers  which  have  been  deduced  by  experiment. 

These  results  verify  the  known  fact  that  copper  and  tin  contract  in 
uniting.  Still,  when  the  proportion  of  tin  is  very  great,  the  reverse 
seems  to  take  place,  but  the  difference  is  very  slight.  It  is  an  undoubted 
fact  that  the  contraction  is  very  slight  and  regular  up  to  tbe  alloy  Sn 
Cu2;  that  from  this  point  it  increases  suddenly  till  it  reaches  a  maxi- 
mum, when  the  copper  and  tin  are  in  the  relation  of  3  to  1.  The  exist- 
ence of  this  maximum  of  contraction  had  been  previously  announced  by 
Calvert  and  Johnson,*  contrary  to  the  opinion  of  other  experimenters 
who  had  maintained  that  the  contraction  increases  with  the  proportion 
of  tin.t 

The  errors  on  this  point,  and  the  differences  which  exist  between  cer- 
tain numbers  of  Calvert  and  Johnson,  are  explained  by  §§  IV  and  V, 

•Calvert  and  Johnson,  Moniteur  Scientijiqve,  t.  iv,  p.  225,  1862. 
t  Briche,  TraiM  de  Chimie  appliqute  aux  Arts,  Dumas,  t.  in,  p.  517. 
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and  by  the  fact  that  former  experimenters,  and  the  able  English  chem- 
ists themselves,  worked  upon  ingots  and  not  upon  filings. 

To  begin  with  the  alloy  Sn  Cu3,  the  density  first  diminishes  and  then 
increases  quite  regularly ;  but  the  density  of  the  alloys  richer  in  copper, 
as  cannon  bronze,  is  inferior  to  that  of  the  alloy  Su  Cu3,  which,  how- 
ever, contaius  only  61.79  per  cent,  of  copper.  The  curve  shown  in  the 
following  table  gives  an  idea  of  these  variations  in  density : 

Table  4. 


I     I     I 


I     1     I     I     1     1     i 


I    I     I 


Carve  representing  the  comparative  densities  of  the  alloys  of 
copper  and  tin. 

It  will  be  noticed  that  a  great  number  of  assays  have  been  made  for 
the  alloy  Sn  Cu3  and  that  all  are  concordant;  that  the  density  of  the 
bar  verifies  the  results  obtained  with  matter  in  grain  and  in  powder. 
The  other  properties  of  this  alloy  are  equally  exceptional.  While  all 
the  preceding  have  the  gray  hue  of  tin,  and  while  those  that  follow  are 
white  or  yellow,  this  alone  is  distinguished  by  a  bluish  color.  It  exhibits 
no  liquation,  for  after  four  successive  fusions  the  last  solidified  product 
possessed  the  composition  that  it  had  immediately  after  the  first  casting. 

Consequently  the  alloy  Su  Cu3  is,  in  the  series  of  alloys  of  copper  and 
tin,  what  the  alloy  Ag3  Cu4  is  in  the  series  of  alloys  of  copper  and  silver 
as  shown  by  Levol.* 

§  III.— HARDNESS. 

I  have  tried  various  methods  for  comparing  the  alloys  of  copper  and 
tin  in  respect  to  their  hardness.  None  have  given  sufficiently  satisfac- 
tory results  to  enable  me  to  express  their  relative  hardness  by  numbers. 
I  finally  made  use  of  an  apparatus  invented  by  an  ingenious  engineer  of 

*Annalee  de  Chim.  et  de  Phys.,  3d  serie,  t.  xxxvi,  p.  193. 
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Paris,  M.  Magna,  an  apparatus  which,  since  my  experiments,  has  been 
used  to  test  rails  on  an  Eastern  railroad. 

It  consists  of  a  weight,  which  slides  without  sensible  friction  in  an 
iron  tube,  where  it  can  be  made  to  fall  from  a  variable  and  determined 
height.  This  weight  strikes  a  punch  of  tempered  steel,  which  rests  upon 
the  specimen  to  be  tested.  This  specimen  is  firmly  fastened  upon  a 
block  uf  steel  attached  to  the  tube  and  resting  upon  a  block  of  wood. 

But  very  imperfect  comparisons  are  obtained,  because  the  same  shock 
produces  a  considerable  impression  on  a  soft  alloy,  and  a  scarcely  observ- 
able dint,  which  is  very  difficult  to  measure, on  a  hjard  alloy.  If,  to  avoid 
this  difficulty,  we  strike  a  large  number  of  blows,  the  metal  hardens,  and 
from  thirty  to  sixty  blows  produce  only  insignificant  results. 

We  cannot  expect  to  destroy  the  effect  of  the  compression  by  anneal- 
ing, because  the  depths  of  the  impression  produced  are  variable  and  the 
surface  distorted,  when  they  should  be  plane  and  parallel.  We  can,  at 
most,  compare  by  this  nieaus,  as  we  shall  see  further  on,  only  metals 
differing  but  little  in  hardness.  I  can  only  say  that  the  hardness  deter- 
mined by  this  means  increases  from  tin  to  the  alloy  containing  copper  and 
tin  in  the  relation  of  equivalents. 

From  this  alloy  up  to  that  which  corresponds  to  the  formula  8n  Cn5 
the  metal  is  too  brittle  to  be  assayed.  The  hardness  of  the  bronze  of 
sonorous  instruments  is  such,  that  the  punch  is  not  sensibly  injured  by 
100  successive  shocks,  vr  else  it  is  shattered. 

Hardness  diminishes  from  this  alloy  to  copper. 

We  will  now  examine  particularly  the  cannon  bronzes. 

§  IV.— BRONZE  USED  IN  MAKING  SONOROUS  INSTRUMENTS. 

Cu  =  78  to  82 
Sn  =  22  to  18 


100 

D'Arcet  having  proved  that  this  bronze,  unlike  steel,  is  softened  by 
tempering  and  hardened  by  annealing,  it  was  proposed  to  determine 
the  modification  which  its  volume  undergoes  in  tempering,  annealing, 
and  mechanical  action. 

1.  Alternate  tempering  and  annealing. 

Ingots  of  this  bronze  were  melted  at  a  sufficiently  high  temperature  in 
a  cylindrical  iron  ingot-inold.  Solidification  took  place  in  a  few  sec- 
onds. For  the  fusion,  the  copper  was  first  heated  alone  in  an  earthen 
crucible;  two  or  three  pieces  of  coal  were  put  into  this  vessel  to  avoid 
oxydization.  When  the  copper  was  melted  the  tin  was  put  in,  and 
being  stirred  a  little,  it  melted  almost  immediately.  The  ingots  were  cut 
and  then  carefully  filed.  As  in  all  the  following  experiments  the  work 
was  performed  in  the  same  way,  we  will  describe  it  once  for  all. 

The  density  was  determined  in  all  the  experiments  with  two  exact 
balances.  That  used  for  weighing  in  water  had  been  made  especially 
for  that  use  at  the  laboratory  of  the  mint.  Boiling  water  was  used,  and 
the  ingots  were  suspended  by  a  horse  hair,  the  trifling  weight  of  which 
(0^  0.17  to  0«r  0.20)  was  deducted. 

The  temperature  at  which  most  of  the  following  determinations  were 
made  necessarily  varied,  but  for  each  series  of  experiments  the  tempera- 
ture did  not  vary  more  than  three  degrees,  the  balances  being  placed  in 
an  isolated  and  very  cool  position.  The  weight  of  the  specimens  was 
comparatively  large,  and  varied  frequently  within  the  somewhat  ex- 
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tended  limits.  In  the  first  series  of  experiments  each  ingot  weighed 
from  85  to  90  grammes.  The  specimens  to  be  tempered  and  annealed 
were  placed  side  by  side  in  a  sheet-iron  box  placed  in  another  of  cast- 
iron  filled  with  coal  dross,  and  covered  with  a  cast-iron  plate.  When 
the  metals  were  observably  red,  those  which  were  to  be  tempered  were 
plunged  into  cool  water,  and  the  interior  case  again  closed,  recovered 
with  coal  dross,  and  the  whole  left  to  cool  slowly,  the  tire  being  covered 
with  ashes. 

This  was  done  in  the  evening,  and  the  specimens  were  not  taken  out 
again  till  the  next  day,  and  then  they  were  so  warm  that  they  could 
hardly  be  held  in  the  hand. 

Table  5. 


Bronze  at  20.80  per  cent,  of  tin. 

Density. 

L 

n. 

m. 

IV. 

V. 

VL 

VII. 

VIII. 

IX. 

X. 

•     After  casting 

After  tempering . . 
After  annealing  .. 
After  tempering . . 

a  787 
8.823 
8.817 
8.849 

a  858 

a  915 

8.907 
a  927 

a  825 
a  863 
a  847 
8.874 

8.862 
a  896 
a  886 
a  907 

a  863 
a  906 
8.894 
a  922 

8.780 

8.715 

8.822 

a  842 

a  747 

a  808 

a  739 

a  844 

a  863 

a  871 

1 

Table  6. 
Bronze  at  18  per  cent  of  tin. 


Density. 


I. 

P=71f.490. 


IL 
P=86r.775. 


After  casting  ... 
After  annealing. 
After  tempering 
After  annealing. 
After  tempering 
After  tempering 


a  737 
8.733 
a  763 
8.753 
a  775 
a  786 


8.873 
a  863 

a  911 

a  889 
a  926 
a  927 


A  bar  of  two  kilogrammes  was  melted  in  order  to  obtain  some  very 
homogeneous  matter,  because  in  the  preceding  experiment,  where  the 
operations  had  been  carried  on  with  only  a  little  metal,  the  cooling  had 
been  made  too  rapid  by  the  addition  of  tin,  and  it  was  made  very  hot 
before  the  tin  was  put  in.  The  bar  was  cat  into  strips,  and  we  experi- 
mented upon  four  of  them. 

Table  7. 

Bronze  at  20  per  cent,  of  tin. 


Density. 


P=132r.735. 


II. 
P=128r.885. 


After  tempering 

After  annealing 

Aft  er  tempering 

After  annealing 

After  tempering 

After  annealing 

After  a  second  annealing 
After  tempering 


8.704 
a  712 
8  730 
a  724 
8.750 
8.741 
8.751 
a  776 


a  719 
a  728 
a  747 
a  744 
a  763 
a  759 
a  769 
a  792 
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m. 

IV. 

P=136P.572. 

P=136t-.494. 

a  752 

a  688 

8.780 

a  713 

a  777 

a  714 

a  804 

8.736 

8.815 

8.750 

8.841 

a774 

a  850 

a  787 

a  807 

a  760 

After  annealing 

After  tempering 

After  annealing 

After  tempering 

After  annealing 

After  tempering 

After  a  second  tempering 
After  annealing 


It  is  evident  from  these  three  series  of  experiments  that  tempering 
arguments  considerably  the  density  of  bronze  rich  in  tin,  and  that  anneal- 
ing evidently  diminishes  the  density  of  tempered  bronze.  Still  the  effect 
of  slow  cooling  by  no  means  destroys  the  effect  of  tempering,  for  the 
density  continues  to  increase  till  it  becomes  remarkable. 

2.  Alternate  action  of  heat  of  shock  and  of  compression. 

The  four  preceding  specimens  were  submitted  to  the  action  of  the  screw- 
press,  but  as  this  bronze  is  brittle,  it  was  merely  compressed  strongly 
by  the  exertions  of  six  men,  instead  of  giving  it  a  sudden  blow.  The  two 
tempered  pieces  resisted.  The  two  annealed  pieces  were  broken,  giving, 
the  one  a  fragment  weighing  80^.335,  and  the  other  a  fragment  weigh- 
ing 64^.644,  with  which  we  work'ed.  Two  samples  were  successively 
annealed;  two  others  successively  tempered.  The  results  are  given  in 
the  following  table : 

Table  8. 


Density. 

Density. 

P=128P.23a 

n. 

P=64r.644. 

WL 
P=12lv.537. 

IV. 

P=80P.a39L 

After  compression 

After  tempering  

After  compression .... 

After  tempering 

After  compression .... 

After  tempering 

After  compression .... 

After  tempering 

After  compression 

After  tempering 

a  796 

a  804 
a  805 
a  809 

a  818 

8.819 
a  827 
a  828 
a  837 
8.841 
a  850 
a  857 
8.870 
8.871 
a  877 
a  880 
a  888 
a  887 
a  898 
8.906 

0.102 

a775 
a  804 
a  789 
a  826 
a  840 
a  845 
a  865 
a  866 
a  889 
a  807 
8.922 
a  925 
a  939 
a  937 
a  948 
a  944 
a  955 

a  951 

a  052 
a  952 

0.177 

After  compression . . 

After  annealing 

After  compression . . 

After  annealing 

After  compression . . 

After  annealing 

After  compression  ■  - 

After  annealing 

After  compression .  - 

After  annealing 

Aftershock    

After  annealing 

Aftershock 

After  annealing 

Aftershock 

After  annealing 

Aftershock 

After  annealing 

Aftershock 

Gain  in  density 

a  782 
a  767 

*a760 
a  763 

ia766 
a  772 
8.776 
&  788 
a  795 
a  799 
a  805 
a  823 
a  832 
C.846 
8.836 
a  850 

*a84o 

8.882 

§8.854 

0.072 

a  792 
a  803 

ta?96 
a  814 

8.812 
a  824 

a  817 

a  844 
a  835 
a  849 
a  842 

After  tempering 

After  shock 

8.866 
*8. 851 

After  tempering 

8.856 

a  84i 

After  tempering 

After  shock 

a  829 
*a824 

After  tempering 

After  shock 

a  845 
8.836 

After  tempering 

The  density  increased 

0.044 

*  Cracks.  t  Cracks.    The  fins  are  filed  oft  J  Crack  on  the  edge. 


>  Break*. 


The  prominent  fact  which  is  shown  by  these  numbers  is  that  the  den- 
sity is  increased  by  mechanical  action,  tempering,  and  annealing,  in  a. 
remarkable  degree. 

The  increase  is  greatest  in  the  tempered  specimens. 

It  should  be  remembered  that  but  limited  confidence  can  be  placed  in 
the  figures  obtained  for  the  annealed  metal,  because  it  cracks  and  splits, 
on  the  edges,  while  it  does  not  alter  at  all  when  it  has  been  tempered. 
34th 
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As  it  is  stated  in  books  that  tempering  has  the  effect  of  diminishing 
the  density  of  this  bronze,*  I  examined  this  point  very  carefully,  and 
made  many  other  experiments,  varying  the  composition  (from  18  to  22 
per  cent,  of  tin),  the  form,  and  the  weight  of  the  specimens.  All  are 
concordant,  as  is  shown  by  the  following  table : 


Table  9. 


Density. 

L 

II. 

in. 

IV. 

Bronzo  mel ted 

8.872 
8.907 
a  915 
a  928 
8.838 
a  947 

a  682 
&  723 
a  843 
8.842 
a  909 

a  910 

a  932 

a  822 
a  836 
a  895 
a  904 
a  923 
a  930 

a527 

a  543 

Bronte hammered ,,.,-. .....-,. -,*-.,,. 

a  771 

Bronze  tempered 

a777 

a  87i 

Bronze  tempered - 

a877 

a  918 

Bronze  tempered 

a  927 

Bronzo  hammered 

a  937 

a  945 

Bronze  hammered 

a  944 

Increase  of  density ,  - 

0.075 

0.250 

a  108 

a  417 

The  thickness  was  reduced  in  these  experiments  from  seventeen  to 
seven  millimeters. 

When  this  bronze  is  cooled  slowly  the  experiments  are  less  convincing, 
because  the  metal  breaks,  or  at  least  cracks  easily,  under  shock.  How- 
ever, as  my  first  object  in  undertaking  this  work  was  to  clear  up  these 
obscure  phenomena  of  tempering,  and  as  I  count  for  thus  clearing  them 
up  upon  the  variations  of  density,  I  made  numerous  experiments,  in 
some  compressing  the  material  slightly,  and  in  others  preserving  it  from 
sudden  shock  by  an  intervening  body. 

I  give  here  some  of  the  results : 

Table  10. 


After  casting 

After  slow  cooling 
After  compression 
After  slow  cooling 
After  compression 


a  696 
a  683 
a  750 
a  793 

a  831 


Thus  there  is  always  an  increase  in  density  whether  the  bronzes  rich 
in  tin  be  tempered  or  slowly  cooled  after  compression. 

These  experiments  confirm  most  clearly  the  fact  affirmed  by  D'Arcet, 
that  tempering  softens  the  bronzes  rich  in  tin,  for  we  can  flatten  in  the 
press  the  tempered  bronzes,  while  it  is  only  exceptionally,  or  by  taking 

*  Du88au88oy,  Annate*  de  Chimie  ei  de  Physique,  t.  v.  p.  228,  we  read : 
Alloy  of  copper  80  and  of  tin  20. 


Non-tempered. 


Tempered. 


Tempered  and     Heated  and 
softened.        cooled  slowly. 


a  670 


a  520 


a  611 


a  650 


AnnaUi  de  Okhnie  et  de  PAytiffua,  t.  xxx  (Norembre,  1878),  24. 
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special  precautions,  that  we  are  able  to  subject  them  to  the  same  me- 
chanical action  without  breaking  them  when  they  have  been  heated 
and  cooled  slowly. 

This  fact,  being  the  inverse  of  that  which  is  observed  with  steel,  led 
me  to  examine  the  nature  of  the  variations  which  the  density  of  steel 
undergoes  when  placed  under  the  conditions  described. 

3.  Action  of  temperiny  and  annealing  on  steel. 

Reaumur  and  Bimmann  admitted  that  the  volume  of  tempered  steel 
is  greater  by  ?V  than  that  of  steel  which  has  not  been  tempered.  Kar- 
sten,  without  absolutely  contesting  this  opinion,  does  not  consider  it 
clearly  demonstrated  that  steel  diminishes  in  density  by  tempering. 
Colonel  Oaron,  in  his  celebrated  works  on  steel,  has  shown  that  tem- 
pering increases  the  volume  of  steel.  Thus,  after  thirty  successive 
teinperings,  the  density  which  was  7.817  became  7.743,*  and  he  con- 
cluded from  his  researches  that  the  effect  of  tempering  might  be  likened 
to  the  effect  produced  by  the  blow  of  a  hammer  on  red-hot  metal. 

The  steel  experimented  upon  was  of  a  very  good  quality  used  at  the 
mint  in  Paris.    The  samples  weighed  from  130  to  150  grammes. 


Table  11. 

Density. 

I. 

n. 

m. 

7.839 
7.735 
7.831 

7.848 
7.749 
7.838 

7.889 

7.738 

7.828 

IV. 

V. 

VL 

$ars  forged 

7.841 
7.843 
7.758 

7.839 
7.845 
7.763 

7.841 

7.b43 

Bats  forged,  after  tampering  ....... ........,.T, ....... 

7.755 

Thus  tempering  produces  on  steel  forged  or  annealed  an  inverse  effect 
to  that  which  it  produces  on  bronzes  rich  in  tin ;  it  diminishes  its  den- 
sity instead  of  increasing  it,  from  which  it  may  be  seen  that  tempering 
diminishes  the  density  of  annealed  steel  and  makes  it  hard,  while  tem- 
pering increases  the  density  of  annealed  bronze  and  makes  it  soft. 
4.  Action  of  the  press  or  of  the  roll,  and  of  annealing,  on  steel 
Two  steel  plates  which  had  been  used  in  the  preceding  experiments 
were  employed. 

Table  12. 


Density. 


Ps85P.880.      P=83^.4«5, 


Forged  steel 

Forged  steel,  after  one  annealing. 
Forged  steel,  after  one  action  of] 
Forged  steel,  after  second 
Forged  steel,  two  impacts 
Forged  steel,  three  annealings 
Forged  steel,  three  impacts . . . 
Forged  steel,  four  annealings. . 
Forged  steel,  four  impacts .... 
Forged  steel,  Ave  annealings. . 


7.846 
7.849 
7.889 
7.844 
7.838 
7.844 
7.887 
7.849 
7.849 
7.844 


7.847 
7.849 
7.848 
7.848 
7.839 
7.845 
7.841 
T.854 
7.849 
7.845 


*  Comptes  Hendu$  de$  Stances  de  VAcademie  de*  Science*,  January  6, 16T3. 
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As  the  variations  in  density  recapitulated  in  the  preceding  table  are 
very  slight,  I  tried  to  render  them  greater  by  passing  small  bars  of 
well-annealed  steel  nnder  a  steel  roll.  The  following  table  shows  that 
if  the  results  are  in  the  same  direction  they  are  no  more  pronounced,  and 
the  experiment  is  very  soon  terminated  by  the  breaking  of  the  metal. 

Table  13. 


Density. 

P=77r.24a. 

P=7«r.695. 

Steel  annealed 

7.882 
7.827 
7.829 
7.822 
7.826 
7.816 

7.833 

Steel  rolled 

7.824 

Steel  annealed - - 

7.830 

Steel  rolled 

7.820 

Steel  annealed 

7.827 

Steel  rolled 

7.822 

The  differences  that  bronze  and  steel  present  when  alternately  an- 
nealed and  tempered  are  again  encountered  here,  but  in  a  less  degree. 
While  the  mechanical  action  increases  the  density  of  the  annealed 
bronze,  it  very  slightly  but  still  sensibly  diminishes  the  density  of  an- 
nealed steel,  and,  on  the  whole,  tempering  and  shock  increase  the  den- 
sity of  annealed  bronze,  while  they  diminish  the  density  of  annealed 
steel. 

But  the  variations  are  very  decided  for  bronze  and  very  slight  for 
steel. 

5.  Bronzes  rich  in  tin. 

Examining  Table  12  we  see  that  the  density  is  by  annealing  brought 
back  to  what  it  was  before  the  action  of  the  press ;  after  five  anneal- 
ings and  four  powerful  blows  of  the  press,  there  was  no  sensible  varia- 
tion, and  consequently  we  see  how  a  block  of  annealed  steel  submitted 
to  compression  in  making  coin,  sustains  twenty,  thirty,  and  even  many 
more  annealings  and  shocks,  without  any  apparent  difference  in  its 
work.  Annealing  restores  the  metal  to  the  condition  in  which  it  was 
before  the  mechanical  treatment. 

Immediately  following  the  researches  published  by  D'Arcet  in.l814# 
on  the  softening  of  the  bronzes  by  tempering,  experiments  were  made 
in  different  places,  and  particularly  at  VlScole  des  Arts  et  Metiers  at  Cha- 
lons, on  the  tamtams  and  cymbals,  instruments  that  we  did  not  then 
manufacture  and  do  not  now  in  European  countries,  but  which  we 
obtain  froin  China  or  from  Turkey  in  Asia,  and  M.  Maillard,  head  of 
the  foundry  of  the  "Boole"  at  Chalons,  succeeded  in  making  some  of  a 
tempered  alloy  containing — 

Copper 80.5  )  1AA 

Tin 19.5  }1W- 

It  was  thought  that  this  process  was  the  same  as  that  employed  by 
the  Orientals,  and  this  opinion  is  to-day  generally  accepted  among 
chemists. 

Afterwards,  St.  Julien  advanced  the  opinion  that  the  Chinese  worked 
the  bronze  red  hot,t  but  D'Arcet  held  that  St.  Julien  had  been  led  into 
error,J  because  bronze  greatly  increases  in  density  when  heated,  while 
the  density  of  the  Chinese  instruments  is  very  much  less  than  that  of 
heated  bronze,  and  further,  this  bronze  can  be  pulverized  at  red  beat. 

*  D'Arcet,  Bulletin  de  la  Societi  d>  Encouragement,  p.  289,  1814. 
tSt.  Julien,  Annates  de  Chim.  et  dePhys.,  t.  liv,  p.  329, 1833. 
t  D'Arcet,  Annates  de  Chim.  et  de  Phy$.,  t.  liv,  p.  331,  1833. 
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In  view  of  this  contradictory  testimony,  I  consulted  the  best  instru- 
ment-makers of  Paris,  MM.  Gautrot  and  Lecomte,  who  assured  me  that 
working  this  bronze  cold  is  impracticable  industrially,  even  after  tem- 
pering, and  I  knew,  on  the  other  hand,  that  M.  Maillard  had  encountered 
great  difficulties  in  making  these  instruments,  as  great  numbers  of  them 
were  broken  in  the  course  of  the  work,  and  tney  are  all  thicker  than  the 
Chinese  instruments. 

I  analyzed  at  that  time  fragments  of  the  real  Chinese  instruments, 
and  I  found 

Tin  in  100  parts. 
22.80 
21.20 
20.80 
19.67 
I  ascertained  the  density  of  two  good-sized  specimens.    It  was — 

For  one 8. 909 

For  the  other 8.948 

I  submitted  to  cherry-red  heat  some  bronze  containing  20  per  cent,  of 
tin,  and  I  found,  as  TfArcet  had  shown,  that  this  metal  is  reduced  to 
powder  by  blows.  I  then  sought  to  ascertain  if  this  metal  would  not, 
like  zinc,  be  malleable  at  the  intermediate  temperatures.  About  100  to 
200  degrees  it  is  brittle  as  when  cold  or  at  a  cherry-red  heat,  but  at  dark- 
red,  and  a  little  under  that  temperature,  it  can  be  forged  as  easily  as 
iron  or  aluminium  bronze.  At  these  temperatures  it  flattens  without 
breaking  under  the  heaviest  blows  of  the  hammer;  it  is  so  easily  flat- 
tened that  it  can,  in  some  cases,  be  reduced  from  a  thickness  of  14  mil- 
limeters to  that  of  1  to  2  millimeters,  and  if  the  temperature  be  raised 
a  little  it  becomes  so  soft  that  it  can  be  wound  upon  itself  by  subjecting 
it  repeatedly  to  slight  shocks.  In  a  word,  the  work  is  thus  done  with 
greater  accuracy  and  rapidity,  and  becomes,  industrially  speaking,  prac- 
ticable. 

It  remains  to  be  considered  whether  the  density  approaches  to  that 
which  is  obtained  by  cold  hammering  and  to  that  of  the  Chinese  metal. 

With  this  object  the  two  tempered  specimens  which  formed  the  subject 
of  Table  8  were  heated  red-hot,  and  the  following  results*  obtained: 

Table  14. 


Density. 


IL 


Metal  tempered 

Metal  hammered  at  red  heat,  diminishing  its  weight  one  quarter 

Metal  tempered  anew 

Metal  hammered  again  more  gently  on  account  of  its  brittleness. 

Metal  tempered  again 

Metal  hammered  gently 


8.906 
8.953 
8.958 
8.939 
8.933 
8.920 


8.952 
8.942 
8.924 
8.924 
8.9-24 
8.024 


The  metal  having  been  cold-beaten  for  a  long  time,  I  repeated  these 
operations  at  a  higher  temperature  with  new  metal. 

Table  15. 

Density. 

Cast  metal 8.764 

Cast  metal  after  first  hammering  at  dark-red  heat 8.893 

Cast  metal  after  second  hammering  at  dark- red  heat 8. 941 

Metal  after  third  hammering  at  dark-red  heat - 8.948 

Metal  after  fourth  hammering  at  dark-red  heat 8.943 

Metal  after  fifth  hammering  at  dark-red  heat 8.927 
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The  thickness  was  reduced  from  six  millimeters  to  one. 

The  same  experiments  at  high  temperature  were  repeated  on  the 
metals  containing  from  18.5  to  21.5  of  tin,  when  they  had  been  cast  at  a 
very  high  temperature. 

Table  16. 

Density. 

Bronze  at  18.5  per  cent,  tin,  after  casting  at  a  high  temperature 8. 882 

The  same  after  prolonged  hammering  at  dark-red  heat 8. 938 

Brouze  at  20  per  cent,  tin,  after  casting  at  a  high  temperature 8. 912 

The  same  after  prolonged  hammering  at  dark-red  heat 8. 920 

Bronze  at  21.5  per  cent,  tin,  after  casting  at  a  very  high  temperature 8. 938 

The  same  after  prolonged  hammering  at  dark-red  heat —    8. 92^ 

f  8.819 

•  I  u  goy 

Bronze  at  20  per  cent,  tin,  rolled  at  red  heat <  g'^ 

[a  873 

The  thickness  was  reduced  from  6  millimeters  to  1. 

Two  facts  follow  from  these  experiments: 

1st.  Working  hot  does  not  increase  the  density  more  than  working  at 
low  temperature. 

2d.  The  metal  attains  this  density  very  rapidly  by  the  working  hot, 
and  without  danger  of  rupture;  while  cold  the  action  is  extremely  slight 
and  very  difficult. 

If  I  add  that  the  Chinese  tamtams  bear  traces  of  numerous  hammer- 
ings, which  indicate  that  the  metal  was  worked  when  it  was  softened  by 
heat,  it  will,  I  think,  be  admitted,  as  I  stated  when  I  published  these 
results,*  that  the  working  cold  is  not  carried  on  in  China  as  D'Arcet 
supposed,  and  that  the  method  of  fabrication  attempted  at  VlScole  ties 
Arts  et  Metiers  at  CMlons  is  not  the  method  practised  in  the  East,  but 
that  the  metal  is  worked  there  hot,  as  St.  Julien  declared. 

Had  there  remained  any  uncertainty  it  would  have  been  removed 
when,  some  days  after  the  publication  of  these  researches,  MM.  St.  Julien 
and  Champion  published  on  their  side  a  work  in  which  M.  Champion 
stated  that  he  had  seen  this  work  in  China,  and  that  the  metal  was 
heated.t 

M.  Champion  and  myself  unite  to  introduce  this  desideratum  into  the 
industrial  arts  of  European  countries,  and  we  have  succeeded  in  making, 
at  the  works  of  MM.  Cailar  and  Ouin,  two  tamtams,  which  have  the  ex- 
ternal characteristics  and  the  sonorousness  of  the  Chinese  instruments. 
But  we  utilized  the  facility  with  which  I  had  observed  this  bronze  to 
flatten  to  shorten  the  operation  and  to  diminish  hand  labor,  by  first 
subjecting  the  cast  alloy,  very  thick  and  red  hot,  to  the  action  of  the 
rolling-mill,  which  machinery,  according  to  M.  Champion,  is  unknown 
to  the  Chinese,  and  which,  in  every  case,  he  ascertained  by  observation 
was  not  employed  by  them  in  reducing  bronze  for  the  manufacture  of 
sonorous  instruments. 

§  V.  BEONZES  LESS  EICH  IN  TIN  APPBOACH1NG  CANNON 
BEONZE  IN  THEIE  COMPOSITION. 

Cu  =  94to88. 
Sn=   6  to  12. 


100 

The  bronzes  were  submitted  to  the  same  operations  as  the  preceding. 
1.  Tempered  and  annealed  alternately. 

*  Comptee  Bmdus  des  Stances  de  VAcadimie  des  Sciences,  t.  lxix,  p.  343. 
i  Industries  anciennes  et  modernes  de  V Empire  Chinois,  Laoroix, ' 
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Table  17. 

Alloy  of  88Cu)inn 
lOSn}100 

Density,  P= 47^.806. 

After  tempering 8.625 

After  annealing i 8.632 

After  tempering 8.624 

After  annealing 8.635 

After  tempering 8.632 

Table  16. 

Gnu-bronze,  at  90  Cu  \  lftA 
lOSnJ100 


Density. 


I. 
P=69r.686. 


1L 

P=70r.902. 


in. 

P=112i'.468. 


rv. 

P=104p.T88. 


After  casting... 
After  tempering 
After  annealing. 
After  tempering 
After  annealing. 
After  tempering 
After  annealing. 
After  tempering 


8.664 
8.516 
8.528 
a  532 
8.536 
3.529 
a  626 
a  526 


a677 
8.636 
8.643 
8.645 
8.648 
8.648 
8.648 
8.626 


8.684 
a  657 
a  670 
a  671 
a  674 
a  673 
8.676 
a  664 


a  491 

a  428 

a  431 

8.437 
a  434 
a  436 
8.436 
a  436 


Density. 


After  casting 

After  annealing. . 
After  tempering . 
After  annealing.. 
After  tempering. . 
After  annealing. . 
After  tempering. 


a  706 
a  689 
8.684 
a  692 
a  693 
8.651 
a  661 


Table  19. 

Bronze  at  94  Cu  >  ^^ 
6  Sn  5 

Density,  P =141*.  830. 

After  casting 8.537 

After  tempering 8.491 

After  annealing 8. 501 

After  tempering 8.502 

After  annealing.... 8.507 

After  tempering 8.505 


After  casting ... 
After  annealing. 
After  tempering 
After  annealing. 
After  tempering 
After  annealing. 
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These  numbers  show  that  the  bronzes  containing  but  little  tin,  suscep- 
tible of  being  cold-hammered,  or  even  flattened  like  gun-bronze,  do  not 
increase  in  density  when  tempered  or  annealed  like  the  preceding. 

2.  Annealed  or  tempered  and  rolled  alternately. 

Table  20. 
Bnmi5e  "sS}100 


Density. 


L 
P-12&U30. 


IL 
P-65T.500. 


After  casting 

After  rolling 

After  tempering 

Alter  rolling 

After  tempering 

After  rolling 

After  tempering 

After  rolling 

After  tempering 

After  rolling 

After  tempering 

After  rolling 

After  tempering 

After  rolling       

The  density  increases  from 


8.541 
8672 
a  643 
a  722 
8.694 
8.772 
8.770 
8.827 
8.824 
a  897 
8.007 
8.018 
8.010 
8.033 
0.802 


8.758 
8.761 
a  838 
a  833 
8.871 
a  872 
8  921 
8.1*26 
a  929 
a  036 
8.939 
a  739 


a  181 


Density. 


m. 

P-127*.020. 


IV. 

P=81fr.l00. 


After  casting 

After  roiling 

After  annealing 

After  rolling    

After  annealing 

Alter  rolling 

After  annealing 

After  rolling    

After  annealing 

After  rolling 

After  annealing 

After  rolling 

After  annealing 

After  rolling 

The  density  increases  from 


8.541 
a  660 
8.627 
8.722 
a  720 
a  801 

a  801 

8.851 
a  852 
8.004 

a  oie 

a  022 
8.031 
8.035 
0.304 


8.773 

am 

a  836 
a  839 
a  874 
8.675 
8.013 
a  023 
a  928 
8.029 
8.931 
a  934 


a  161 


The  metal  was  reduced  from  a  thickness  of  ten  millimeters  to  that  of 
one. 

Comparing  these  results  with  those  given  by  the  bronzes  rich  in  tin, 
we  find  that  tempering  and  annealing  give  about  the  same  increase  iu 
density,  while  the  increase  was  much  greater  for  the  tempered  metal  in 
the  alloys  rich  in  tin. 

These  alloys  seemed  to  be  as  easily  worked  after  annealing  as  after 
tempering. 

An  attempt  was  made  to  verify  this  last  point  by  operating  under 
practical  conditions;  that  is  to  say,  by  reheating  the  metal  in  the  air, 
working  on  bronze  of  10  and  bronze  of  6  per  cent,  tin,  which  was  in  the 
form  of  strips  four  millimeters  wide.  The  mechanical  action  and  heat 
were  the  same;  the  only  difference  was  in  the  cooling;  while  one  sped- 
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men  was  tempered  when  red  hot,  the  other  was  left  out  in  the  air.   The 
results  are  given  in  the  following  table: 

Table  21. 

1.  Bronze  at  10  per  cent  tin. 

Density. 

After  6  impacts  of  the  prees 8.887 

After  annealing 8.833 

After  9  impacts  of  the  press 8.905 

After  annealing 8.902 

After  96  impacts  (and  32  annealings) 8.930 

After  annealing 8.935 

Density. 

IL 

P=46f.958. 

After  6  impacts  of  the  press 8.898 

After  tempering 8.894 

After  9  impacts  of  the  press 8.904 

After  tempering ^- 8.897 

After  96  impacts  (32  temperings) 8.904 

After  tempering 8.905 

2.  Bronze  of  6  per  cent  tin. 

Density. 
III. 

P=6*fr.002. 

After  6  impacts  of  the  press tf.924 

After  annealing 8.923 

After  9  impacts  of  press - 8.936 

After  annealing 8.928 

After  57  impacts  (19  annealings) 8.931 

After  annealing *. 8.932 

Density. 

IV. 

P=65sr.242. 

After  6  impacts  of  press 8.928 

After  tempering 8.924 

After  9  impacts  of  press '. 8.929 

After  tempering 8.923 

After  57  impacts  (19  temperings) 8.934 

After  tem  peri  ug 8.935 

The  tempering  and  the  annealing  take  place  in  a  similar  manner, 
almost  identically  the  same  for  bronze  at  6  per  cent.  tin.  Thus  the  den- 
sity after  72  blows  of  the  press,  alternated  with  24  annealings,  increases 
from  8.924  to  8.932,  and  by  tempering,  from  8.928  to  8.935. 

The  workman  observed  no  differences  in  the  hardness  of  the  metal 
auncaled  or  tempered,  aud  the  ease  of  working  secured  was  the  same. 

Two  sheets  of  these  bronzes  were  prepared,  of  a  thickness  of  15  millim- 
eters, and  these  were  subjected  to  the  ordinary  operations  of  coining 
after  they  had  been  cat  in  two,  care  being  taken  to  have  one  of  these 
parts  annealed  and  the  other  tempered.  When  they  had  been  reduced 
to  strips  5  centimes  in  width,  that  is  to  say,  1  millimeter,  the  strips  were 
cut  and  weighed. 

Table  22. 

1.  Bronze  at  10  per  cent  tin. 

Weight  of  15  strips  after  3  temperings 76.90 

Weight  of  6  strins  after  3  temperings 32.36 

Weight  of  10  strips  after  3  temperings 53.50 

Weight  of  15  strips  after  3  annealings 77.27 

Weight  of  6  strips  after  3  annealings 32.07 

Weight  of  10  strips  after  3  annealings »..  54.70 
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2.  Bronze  at  6  per  cent  tin. 

"Weight  of  15  strips  after  3  temperings 73.82 

Weight  of  6  strips  after  3  temperings 32.14 

Weight  of  10  strips  after  3  temperings 48.95 

Weight  of  15  strips  after  3  annealings - 73.98 

Weight  of  6  strips  after  3  annealings 31.49 

Weight  of  10  strips  after  3  annealings 51.00 

No  difference  was  observed  in  working  the  alloys  whether  annealed  or 
tempered,  and  the  weight  of  the  annealed  strips  did  not  differ  materially 
from  that  of  the  tempered  ones. 

The  director  of  the  mint  at  Paris,  M.  Bijon,  to  whom  I  also  owe  many 
thanks  for  all  the  facilities  he  procured  for  me  in  the  prosecution  of  these 
researches,  assured  me  that  no  differences  had  been  observed  in  the 
working  until  at  one  time,  work  not  being  very  urgent,  the  plates  were 
left  to  cool  in  the  air  instead  of  being  tempered  in  water.  It  is  prefer- 
able to  cool  the  bronze  rapidly  in  order  to  diminish  its  oxidization,  and 
especially  to  detach  the  scales  of  oxide  which  form  during  the  reheating, 
and  which  have  the  double  inconvenience  of  soiling  the  rolls  and  of 
injuring  the  plates. 

3.  Liquation  in  gun-bronzes. 

Liquation  is  not  so  considerable  as  is  generally  supposed.  The  follow- 
ing table  recapitulates  some  of  the  numerous  analyses  which  were  made 
of  cannon  during  the  siege  of  Paris,  with  my  colleague,  M.  Desmarais,  at 
M.  Thtebaultfs,  and  at  Cailar  &  Guin's: 

In  table  24  will  be  found  the  analysis  made  by  M.  Drouin  and  myself 
on  the  different  parts  of  the  cannon  cast  at  the  jScole  des  Arts  et  Metiers 
of  Angers,  for  which  I  am  indebted  to  the  courtesy  of  M.  Soux,  chief  of 
the  millwright  shop  of  this  establishment 

Table  23. 
Imtbbiob. 


Samples  taken. 

Sn. 

Zn. 

Pb. 

Cn.* 

At  the  breech 

No.l. 

8.73 
7.18 
7.08 

0.85 
9.44 
a  84 

0.44 
0.74 
a  98 

1.80 
2.00 
1.60 

2.40 
2.20 
2.40 

0.93 
1.11 
0.03 

0.02 
0.74 
0.83 

1.86 
1.86 
1.86 

0.00 
0.60 
0.85 

8a  56 

At  top  of  trunnion 

90.08 

Toward  the  muzzle  ..-              

90.40 

At  the  breech 

No.  2. 

85.89 

86.50 

Toward  the  muzzle  .,-  -  -           ---  —     -  —      

86.90 

No.  3. 

8a  43 

sa  55 

Toward  the  muzzle  ...,..,t.,tt-  t  -  -  t r ,. - T 

£9.24 

Extkbiob. 

At  the  breech 

No.  1. 

a  74 

a  72 

7.70 

0.06 
0.85 
9.66 

0.03 

a  72 

8.02 

2.00 
2.00 
1.60 

1.80 
2.40 
2.40 

1.21 

1.11 

.    1.21 

0.83 
0.93 
0.83 

1.86 
1.86 
1.86 

0.80 
1.00 
0.80 

8a  43 

8a  35 

Toward  the  muzzle  .. -- 

89.87 

-A  t  the  breech , 

No.  2. 

86.38 

85.89 

86.08 

At  the  breech. ....... 

No.  a. 

8a  06 

At  the  trunnion 

89.17 

Toward  the  muzzle 

80.07 

*  Determined  by  difference.— An*.  d#  Ohim.  it  tu  Ptyf .,  4  aerie,  t.  zzz,  1873,  25. 
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Table  24. 

m. 

Length  of  the  cannon  with  its  sinking  head 2,512 

Length  of  the  sinking  head 1,500 

The  inner  shavings  were  taken  from  a  cylinder  of  65  millimeters  diam- 
eter having  the  same  axis  as  the  cannon.  They  were  thoroughly  washed 
in  ether. 

IlCTKBIOE. 


Distance    from    the 
breech. 

Sn. 

Pb.* 

Zn. 

Cu.t 

M. 

0.40 

8.066 

0.165 

1.600 

89.270 

0.80 

9.014 

0.165 

2.000 

88.821 

0.80 

8.014 

0.165 

2.200 

88.621 

1.00 

8.726 

0.165 

1.200 

89.909 

1.20 

9.046 

0.165 

0.800 

89.989 

L40 

8.732 

0.165 

1.200 

89.903 

1.00 

8.762 

0.165 

0.600 

90.473 

1.80 

8.999 

0.165 

0.800 

90.036 

Mouth. 

a  762 

0.165 

2.100 

88.973 

Average  of  tin  in  the  interior,  8.907. 


EXTKBIOB. 


0.40 

9.662 

0.165 

1.600 

8a  573 

0.60 

9.282 

0.105 

1.600 

88.953 

0.80 

9.454 

0.165 

2.000 

8a  881 

1.00 

9.676 

0.165 

1.200 

8&  959 

1.20 

9.581 

0.165 

0.800 

89.454 

1.40 

9.550 

0.165 

1.400 

8a  885 

1.60 

9.314 

0. 165 

2.000 

8a  521 

1.80 

9.534 

0.165 

1.000 

89.301 

Sinking  head  at  0-.  65  J 

from  the  muzzle,  9.344 

0.165 

a  ioo 

90.391 

Average  of  tin  at  the  exterior,  9.507. 


*  Average  of  total  lead  found  in  the  different  parts. 


t  Determined  by  difference. 


The  part  of  the  cannon  which  is  in  the  axis  of  the  piece,  and  which  is 
cnt  away  by  the  drill,  is  not  homogeneous,  especially  toward  the  breech. 
Crystalline  particles  of  gray  tint  were  found  there,  which  being  sepa- 
rated as  carefully  as  possible  gave  upon  analysis: 


Tin 12.30 

Zinc 3.20 


11.21 

5.40 


13.89 
6.40 


14.49 
14.49 


It  does  not  follow  that  the  central  parts  are  richer  in  tin.  On  the  con- 
trary it  has  been  shown  by  experiment  that  the  exterior  is  richer  in  tin 
than  the  interior.  This  last  fact,  which  clearly  follows  from  the  preced- 
ing tables,  had  been  previously  stated  by  Colonel  Dussanssoy,  contrary 
to  the  opinion  previously  held  at  cannon  founderies. 

The  following  table  does  not  indicate  that  the  sinking  head  may  have 
the  effect  of  increasing  the  density  of  the  piece  as  has  also  been  sup- 
posed. 

Table  25. 


Distance  from  the  breech. 

Quantity 

of  tin, 
percent. 

Density. 

Distance  from  the  breech. 

Quantity 

of  tin, 
percent. 

Density. 

0.20 
0.40 
0.00 
0.80 
LOO 

10.498 
9.065 
9.K0 
8.752 
9.039 

a  472 
a  539 
8.539 
a  549 
8.400 

1.20 
1.40 
LOO 
1.80 
2.00 

9.291 
9.048 
a  969 
a  526 
8.530 

a  618 
&  549 

a  500 

a  458 
a  374 
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4.  Manufacture  of  medals. 

Analysis  of  antique  medals  shows  that  though  the  ancients  sometimes 
used  copper  for  this  purpose,  they  ordinarily  employed  bronze  in  which 
the  proportion  of  tin  varied  between  large  limits  (from  1  to  25  per  cent.). 
The  manufacture  of  medals  with  a  bronze  rich  in  tin  is  not  possible  at 
the  present  day  on  account  of  its  hardness,  and  because  considerable 
relief  is  necessary,  while  it  was  very  slight  in  the  medals  of  antiquity. 
Bronze  has  been  wholly  given  up  in  our  own  country  and  copper  substi- 
tuted for  it,  but  copper  also  presents  some  serious  inconveniences.  It 
rusts  badly,  has  no  ring,  its  red  tint  is  not  artistic,  and  this  is  concealed 
by  an  artificial  bronzing  which  adheres  poorly,  and  which  causes  differ- 
ent medals  to  vary  in  tone. 

In  1828  M.  de  Puymaurin  made  a  large  number  of  experiments  and 
continued  them  until  1832,  after  which  an  alloy  of  94  copper,  4  tin,  and 
2  zinc  was  adopted,  of  which  from  time  to  time  medals  were  manufac- 
tured until  1847,  at  which  time  it  was  entirely  given  up  on  account  of 
the  hardness  of  the  metal  leading  to  a  deterioration  of  the  coin.  The 
hardness  of  bronze  increases  in  fact  very  rapidly  with  the  proportion  of 
tin,  and  the  following  is  the  average  of  many  experiments  with  the  ap- 
paratus described  above : 


Impacts  necessary 
in  order  to  obtain 
a  depression  of— 


1— . 


Copper 

lironze,  with  07  parts  copper. 
Bronze,  with  96  parts  copper, 
Bronze,  with  05  parts  copper 
Bronze,  with  04  parts  copper. 
Bronze,  with  90  parts  copper. 


10 
23 
27 

38 
40 


7 
8  toO 
10 
14 
15 


Bid  not  succeed 
with  70  blows. 


After  these  experiments  various  medals  were  struck  at  the  mint  in 
Paris,  with  different  alloys  in  the  ordinary  working  conditions.  The 
differences,  which  are  unimportant  for  medals  less  than  35  millimeters, 
become  more  noticeable  when  the  dimensions  attain  to  50  millimeters. 
There  were  necessary  in  this  latter  case— 

With  pure  copper 7  compressions. 

"With  bronze  with  97  part*  copper 10  compressions. 

With  bronze  with  96.5  parts  copper 12  compressions. 

With  bronze  with  96  parts  copper 13  to  14  compressions. 

With  bronze  with  95  part*  copper 16  to  17  compressions. 

Alloy  of  95  copper,  4  tin,  1  zinc 14  compressions. 

Alloy  of  94  copper,  4tin,  2  zinc 16  to  13  compressions. 

From  which  I  conclude  that  bronze  of  96  and  97  parts  copper  may  be 
employed  to  great  advantage  and  with  no  serious  inconvenience  in  the 
manufacture  of  medals.  Its  hardness,  much  less  than  that  of  the  alloy 
of  M.  de  Puymaurin,  does  not  much  exceed  that  of  copper ;  it  possesses 
a  certain  sonority  and  casts  well,  rolls  evenly,  and  its  color  is  more  artis- 
tic than  that  of  copper. 

The  action  of  the  press  and  of  heat  modifies  its  density  but  little. 
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Density. 


After  first  annealing. . . 

After  first  stroke   

After  second  annealing 
After  second  stroke — 
After  third  annealing. . 

After  third  stroke    

After  fourth  annealing 

After  fourth  stroke 

After  fifth  annealing. . . 


Medal  of  68—. 

Medal  of  68—. 

in     bronze, 

in 

alloy    of 

-with  4  per 

Cn 

94,  Sni. 

cent.  tin. 

Zn2. 

a  026 

a  901 

8.944 

a  909 

a  940 

a  912 

a  941 

a  ni6 

8. 939 

a  910 

a  946 

8.910 

8.943 

a  911 

a  947 

a  915 

a  940 

8.912 

§  VI.  PURE  COPPER,  ITS  PERMEABILITY  TO  LIQUIDS. 
Copper  alloyed  with  iron. 

Either  pure  copper  which  had  been  used  in  the  preceding  experiments 
or  very  fine  copper  in  plates,  such  as  is  used  in  the  mint  at  Paris  for 
making  medals,  was  employed. 

1.  Tempered  and  annealed  alternately. 

Table  27. 


Density. 

Density. 

L 
P=101f.56L 

n. 

P=100f.892. 

in. 

P=102r.987. 

rv. 

P=  102^.104. 

Copper  rolled  

Copper  annealed 

Copper  tempered 

Copper  annealed 

Copper  tempered 

Copper  annealed 

Copper  tempered 

Copper  annealed 

Dimmation  of  density 

a  921 

8.888 
a  868 
a  852 
8.828 
8. 812 
a  788 
8.781 
0.140 

a  923 
a  89! 
a  856 
8.853 
8.831 
8.809 
8.785 
8.783 
0.140 

Copper  rolled   

Copper  tempered 

Ct'|t|»T  iinnealed 

C<            ampered 

C<i]jp''i-  annealed 

Copper  tempered 

Copper  iinnealed. ... 

Copptn  lempered 

Diminution 

a  915 
a  908 
8. 858 

a  834 

8. 833 
8.806 
8.797 
'       8. 773 
0.142 

a  919 
8.011 
8.865 
a  840 
8.840 
8.819 
8.810 
8.785 
0.134 

2.  Annealed  or  tempered  and  rolled  alternately. 

Table  28. 

Density. 

P.=79*'.835. 

Copper  rolled 8.877 

Copper  annealed - 8. 767  to  8. 770 

Copper  rolled 8.831 

Copper  annealed 8.751  to  8. 756 

Copper  rolled 8.825 

Copper  annealed 8.758 

Copper  rolled 8.868 

Copper  annealed 8.744  to  8. 755 

Density. 

II. 

P=79F.765. 

Copper  rolled „ 8.874 

Copper  tempered '. 8.786  to  8.791 

Copper  rolled 8.841 

Copper  tempered 8.816 

Copper  rolled 8.850 

Copper  tempered 8.859 

Copper  rolled 8.876 

Copper  tempered 8.849 
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These  experiments  show  that  heat  considerably  lessens  the  density  of 
copper,  for  even  after  repeated  rolling  which  reduced  the  thickness  of 
the  sheet  from  9  millimeters  to  lmm.5,  the  density  diminished  greatly. 

3.  Porosity  of  copper  ;  its  permeability  to  liquids. 

It  will  be  noticed  that  in  the  preceding  table,  the  density  after  an- 
nealing and  tempering  was  represented  by  several  different  numbers. 
The  copper  gains  in  weight  by  remaining  even  for  a  little  while  in  water, 
when  it  has  been  heated  either  in  the  midst  of  coal  dross,  or  in  the  empty 
box  surrounded  by  coal  dross. 

Every  one  who  has  worked  or  handled  copper  has  noticed  that  it 
almost  always  contains  little  cavities,  and  founders  know  that  it  is  very 
difficult  to  obtain  a  really  sound  casting  of  this  metaL 

Marchand  and  Scheerer  attribute  this  to  the  oxygen  contained  in  the 
copper,  which  is  disengaged  at  the  moment  of  solidification  by  a  phe- 
nomenon analogous  to  that  which  produces  the  spitting  of  silver. 

Permeability  is  not  due  to  this  cause  alone,  for  rolled  copper  which  is 
not  at  all  porous,  becomes  so  when  reheated  in  the  midst  of  coal,  or  in  a 
box  surrounded  with  coal.  It  depends  on  various  other  causes,  and 
especially  on  the  fact  that  cast  copper,  even  after  it  has  been  melted  in 
the  presence  of  car!»on,  contains  a  small  quantity  of  oxide  which  has 
been  produced  by  the  action  of  the  heat  at  the  temperature  for  anneal- 
ing. 

Tabus  29. 


Weight  of 
a  bar  of 
copper. 


Immersed  for 
20  hoars  in 
benzine  it 
absorbs  from 
it- 


After  the  tint  annealing  in  a  box  surrounded  with  coal. . 
After  a  second  annealing  in  a  box  surrounded  with  coal . 
After  a  third  annealing  in  a  box  surrounded  with  coal ... 


Or. 

73.093 
73.*85 
73.681 


Or. 
0.027 
0.020 
0.U12 


This  increase  of  weight  is  due  to  a  simple  absorption  of  the  liquid  iuto 
the  metal,  for  it  takes  place  with  very  different  liquids,  and  the  metal, 
by  simply  being  exposed  to  the  air,  returns  to  its  original  weight. 

Table  30. 

Gr. 

Weight  of  a  sample  of  copper 101.141 

Weight  of  this  sample  after  two  days  in  water 101.168 

Weight  of  this  sample  after  two  days  in  dry  air 101.143 

Weight  of  this  sample  after  two  days  in  benzine 101. 155 

Weight  of  this  sample  after  two  days  in  dry  air 101.142 

Weight  of  this  sample  after  two  days  in  water 101.160 

Weight  of  this  sample  after  two  days  in  dry  air 101.145 

Weight  of  this  sample  after  one  annealing  m  coal 101.139 

Weight  of  this  sample  of  copper  after  two  days  in  water 101. 226 

Weight  of  same  after  two  days  in  dry  air 101.144 

The  copper  attained  this  porosity  in  rolling. 

Table  31. 

Copper  melted,  then  cast  at  a  low  temperature. 

Or. 

Weight  in  the  air 7a  443 

Weight  after  one  day  in  water 78.500 

Weight  after  one  day  in  air 78.443 

Weight  after  rolling 7a439 

Weight  after  three  days  in  benzine 78.439 
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Copper  melted,  then  cast  at  a  very  high  temperature,  does  not  possess 
this  permeability. 

Gr. 

Weight  of  a  sample  of  copper  cast  very  hot 123.740 

Weight  of  this  sample  of  copper  after  three  days  in  water 123.738 

The  density  of  this  sample  cast  at  a  high  temperature  was  8.939,  while 
the  density  of  the  sample  cast  at  a  low  temperature — of  the  preceding 
table — was  only  8.039.  This  explains  the  differences  which  may  be 
found  in  the  various  works  upon  the  density  of  melted  copper.  Accord- 
ing to  Marchand  and  Scheerer*  these  densities  may  vary  from  7.720  to 
8.921.  We  have  just  indicated  a  superior  number  to  this  last,  8.939.  The 
lowest  limit  given  above  is  never  obtained  in  ordinary  circumstances. 
Generally  this  density  fluctuates  between  8.0  and  8.81. 

4.  This  porosity  does  not  exist  when  the  copper  is  reheated  in  the 
air,  that  is  to  say,  in  the  ordinary  conditions  under  which  this  metal  is 
worked  in  the  manufacture  of  medals. 

Table  32. 


Density. 


I. 
P-07IU98. 


n. 

P-80T.077. 


Copper  rolled 

Copper  annealed . . . 
Copper  tempered  .. 
Copper  annealed ... 
Copper  tempered  .. 
Copper  retempered 
Copper  annealed . . . 


8.920 
a  921 
8.924 
a  927 
&92S 
a  922 
a  930 


8.908 
a  905 
&906 
a  907 
8.899 
a  903 
a  903 


Copper  rolled 

Copper  tempered 

Copper  annealed 

Copper  tempered 

Copper  annealed 

Copper  annealed  anew 
Copper  tempered 


a  919 
a  921 
&  923 

a  921 

8.922 
a  922 
a  920 


While  annealing  and  tempering  considerably  lessen  the  density  of 
copper  when  not  exposed  to  the  air  during  the  operations  (Table  27), 
these  same  processes  do  not  materially  modify  the  condition  of  this 
metal  when  it  is  exposed  to  the  air  while  working  it. 

Mechcmical  action  and  action  of  heat  alternately,  on  copper  heated  while 
exposed  to  the  air. 

•  Percy,  Metallurgy  t.  v,  p.  67. 
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Tabus  33. 


Density. 


I. 
P~80r.930. 


H. 

P-*&ls*. 


Copper  rolled 

Copper  tempered 

Copper  rolled 

Copper  tempered 

Copper  rolled 

Copper  tempered 

Copper  ro  led 

Copper  tempered 

Copper  rolled 

Copper  tempered 

Diminution  of  density 


8.916 
a  925 
8.920 
a  922 
&9I1 
8.915 
8.912 
8.913 
8.912 
a  913 
0.003 


a  919 

a  926 
a  920 

a  919 

a  909 

a  912 
a  9is 
a  916 
a  913 

a  914 

0.005 


Density. 


m. 

P-80P.C72. 


IV. 
P=-81p.038. 


Copper  rolled 

Copper  Annealed 

Copper  rolled 

Copper  annealed 

Copper  rolled   

Copper  annealed 

Copper  rolled 

Copper  annealed 

Copper  rolled 

Copper  annealed 

Diminution  of  density 


a  923 
a  925 
a913 
a  910 
a  902 
a  902 
a  890 

a  900 

a  894 
8.886 
0.037 


a  923 
a  929 

8.889 

a  910 

a  890 
a  896 
a  889 
a  903 
a  887 

a  901 

0.022 


These  plates  were  reduced  from  a  thickness  of  9  millimeters  to  that 
of  1  millimeter  under  the  same  conditions.  Comparing  these  results 
with  those  of  Table  28,  which  contains-  the  results  obtained  when  the 
copper  was  not  exposed  to  the  air  while  heating,  a  complete  contrast 
was  shown.  While  annealing  and  tempering  increased  the  density  in 
the  first  case,  they  diminished  it  in  the  second. 

Another  very  striking  fact  when  the  piece  is  exposed  to  the  air  is, 
that  the  increase  of  density  resulting  from  the  heat  is  very  nearly  com- 
pensated by  the  tempering,  so  that  the  plate,  after  being  made  consid- 
erably thinner,  is  found  to  have  the  same  density  as  before  the  operation. 
By  annealing,  the  uniformity  becomes  less,  and  the  density  materially 
diminishes.  I  struck  a  copper  medal  at  the  workshop  of  the  mint,  the 
metal  being  exposed  to  the  air  during  the  reheating,  and  the  results 
were  as  follows : 

Table  34. 

Copper  medal  in  strong  relief. 

Density,  P=- 40^.430. 

Strip  rolled 8.909 

Strip  after  the  first  pass 8.918 

Strip  after  the  first  tempering 8.918 

Strip. after  the  second  pass 8.915 

Strip  after  the  second  tempering 8.916 

Strip  after  the  third  pass 8.908 

Strip  after  the  third  tempering 8.912 

On  the  whole,  copper  exposed  to  the  air  during  heating,  tempered 
and  then  struck  in  the  press,  shows  the  same  effects  as  steel  annealed 
and  struck.t    (Table  8.) 
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The  density  of  both  diminishes  when  they  are  subjected  to  mechani- 
cal action.  Heat  restores  them  sensibly  to  their  original  volume,  so 
that  we  can  see  how  they  may  be  practically  employed  with  advantage 
in  making  coins  and  .medals. 

The  opposite  results  given  by  copper  exposed  to  the  air  during  heating 
and  protected  from  the  air  (Tables  28  and  33)  exhibit  the  contradictory 
effects  of  the  experiments  of  O'Ncil  and  of  Marchand  and  Scheerer,*  in 
which  the  former  obtained  a  diminution  of  density  by  compression, 
while  the  others  showed  a  sensible  increase. 

Copper,  in  those  annealings  in  the  air,  oxidizes  strongly.  In  fiict,  the 
four  samples  which  were  the  subject  of  Table  32  were  heated  red  hot 
in  the  midst  of  coal  dust  twice  in  the  course  of  four  or  five  hours. 

Their  weights,  which  were — 

**"•  *p'  determined. 

No.  1,76.100,  became  75.977 0.123 

No.  2,  69.537,  became  69.488 0.049 

No.  3,  75.a51,  became  75.760 0.091 

No.  4,  68.078,  became  68.025 0.053 

And  this  quautity  of  oxygen  is  a  minimum.  The  metal  after  this  re- 
duction became  again  permeable  to  liquids. 

5.  The  addition  to  copper  of  small  quantities  of  foreign  matter,  iron, 
for  example,  increases  the  porosity,  as  do  small  quantities  of  oxygen. 
The  copper  acquires  tenacity  and  elasticity  by  this  adjunction  of  iron, 
while  retaining  a  certain  malleability. 

The  question  has  often  been  raised  as  to  whether  copper  allies  itself 
to  iron.    I  give  here  the  results  of  my  experiments  on  this  point. 
1st.  We  heated  in  a  temperature  sufficient  to  melt  cast  iron — 

Copper 90 

Cast  iron 10 

The  ingot  obtained  contained,  at  its  highest  part,  iron  uncombined. 
2d.  We  heated  very  hot  and  held  some  time  in  fusion — 

Copper  90 

Rivets 10 

The  ingot  obtained  furnished  upon  analysis — 

Top 1,600  iron. 

Bottom 365  iron. 

3d.  We  heated  very  hot  and  kept  melted  some  time — 

Copper 96 

Rivets , 6 

The  metal  appeared  very  homogeneous.  Its  density,  taken  at  two 
different  points,  gave — 

8.881 
8.876 
The  matter  is  easily  forged,  stretches  and  coils  upon  itself.    It  rolls 
with  such  facility  that  without  annealing  a  bar  of  it  can  be  reduced  from 
a  thickness  of  9  millimeters  to  that  of  1  millimeter.    Its  tenacity  ex- 
ceeds that  of  copper. 

Examining  with  a  magnifying- glass  the  plates  1  millimeter  in  ttick- 
ness  mentioned  above,  gray  spots  may  be  seen  at  certain  points,  but 
analysis  of  these  points  shows  no  material  difference  between  them  and 
other  portions.    There  was  found — 

Iron 5.383  5.285  5.236 

This  substance  made  very  hot  in  the  crucible  gives  a  button  in  which 
there  remains  only — 

Iron 0.167  per  cent. 

#Percy,  Metallurgy,  t.  v,  pp.  69  and  72. 
35  T  M 
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4th.  These  two  metals  were  alloyed  in  variable  proportions,  melted  in 
earthen  tubes  15  centimeters  in  length,  and  after  being  kept  three  hours 
in  fusion,  were  left  to  cool  slowly. 


Iron,  per  cent. 

Top  of  bar. 

Bottom  of  bar. 

Density. 

1 

12.093 
9.200 
6.876 
4.619 
4.226 
2.950 

4.545 
3.680 
3.652 
4.520 
4,288 
2.600 

&  839  to  8. 771 

2 

s 

4 

5 

a  885 

6 i 

The  length  of  the  ingot  was  from  6  to  8  centimeters.  The  metal  con- 
taining 4.5  per  cent,  of  iron  appearing  homongeneous,  some  experiments 
were  made  upon  it  comparable  to  those  which  were  made  on  copper. 


Table  35. 

Density. 

P  —  89^.452. 

Melted  metal 8.H79 

Metal  after  tempering 8.874 

Metal  after  rolling 8.884 

Metal  after  tempering 8.878 

Metal  after  rolling 8.687 

Metal  after  tempering 8.864 

Metal  after  rolling 8.888 

Metal  after  tempering 8.880 

Density. 
II. 
P  =  89f.481. 

Metal  after  rolling 8.891 

Metal  after  annealing 8.892 

Metal  after  rolling 8.894 

Metal  after  annealing 8.894 

Metal  after  rolling 8.  ft** 

Metal  after  annealing y.  894 

Ferrous  copper  acts,  then,  like  copper  exposed  to  the  air  during  re- 
heating, or  like  steel.  The  action  of  heat  alternating  with  the  rolling 
restores  it  evidently  to  the  same  volume. 

The  ferruginous  copper  is  not  permeable  to  liquids.  This  metal  is  not, 
however,  a  homogeneous  alloy,  for  after  being  reheated  at  a  very  high 
temperature  for  three  hours  and  a  half,  the  solidified  ingot  gave  upon 
analysis — 

Top.  Bottom. 

Iron,  percent 6.50  4.00 

However,  as  it  had  shown  a  tenacity  incomparably  greater  than  that 
of  copper,  the  following  experiments  were  made  with  a  view  to  deter- 
mining the  mechanical  properties: 
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Table  36. 
Elongations  in  miUimeters  corresponding  to  loads  in  kilograms. 


Name  of  metals. 

li\  800 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1 

Copper  of  commerce,  melted. . 
Copper  of  commerce,  rolled . . . 

94      !  0 
05      I  0.5 
111      1  1.25 

08      !  2.5 
02        0.25 
02      !  0.25 

07       ..*... 

1 

0.5 
3.0 
5.0 
0.25 
a  25 

8 

0.5 
4.5 
(t) 
0.25 
0.25 

5 

0.5 

5.5 

(*) 
0.5 
6.0 

2 
8 

0.5 

0.5 

0.5 

0.5 

4 

5 
6 
7 

Copper  and  iron,  melted 

Copper  and  iron,  melted 

Copper  and  iron,  melted 

Copper  ai:  d  iron,  melted 

Pare  copper,  Tolled 

2 
2 

4.5 
4.5 

0.25 
0.25 

0.75 
0.50 

1.5 
2.0 

2.5 
8.0 

it 

3.5 

8 

07      1 

9 

81.5    

10 

HO        

11 

Copper  and  iron,  rolled 

Copper  and  iron,  rolled 

4  5 

88      | 

12 

4.5 

00        

1 

Name  of  metals. 

in  i,8oo 

1 
1,000 

1 
2,000 

1 
2,100 

1 
2,200 

2,300 

2,400 

2,500 

2,600 

2,700 

2,800 

1 

Conner  of  commerce,  melted 

2      Conner- of  rmnmAmA  rolled _ 

0.5 

0.5 

1.5 

2.5 

4.5 

5.5 

3 

Pare  copper,  melted  .. 
Pure  copper,  melted  . . 

4 

5 

Copper  and  iron,  melted  . . . 
Copper  and  iron,  melted  . . . 
Copper  and  iron,  melted  . . . 
Copper  and  iron,  melted  . . . 

2     . 
2      . 
45  . 

6 

4.5 

5.5 

7  0 

8.5 

10.0   12.5 

15.0 

7 

0.25  2.5 

8 
0 

4.5,. 



6.25 

0*25  "i "6"  "i."6" 

....  \  6.25 
a  75  VL  0 
8.0  16.00 

i 

1 

I 

1.0 

1.20 

1.75 

2.5 

4.0 

10 

Pure  copper,  rolled 

""""I 

0.5     1- ft  1  3-0     4.5 

11 

12 

Copper  and  iron,  rolled 

Copper  and  iron,  rolled 

4.5 ' 

*•*; 

1 

i 

Name  of  metals. 

4 

s 
a 

i 

i 

2,0o:) 

8,000 

3,100 

3,200 

3,300 

3,400 

3,500 

8,600 

r 

i 

1 

Copper  of  commerce, 

melted. 
Copper  of  commerce, 

rolled. 
Pure  copper,  melted  . . 

KUog. 

KUog. 

2 

2,300* 
1,300 
1,000 

24.210* 

3 

11.711   RAMI 

4 

Pare  copper,  melted  . . 

10.204 

5 

Conner  and  iron,  melted 

9. 

6  ■  Copper  and  iron, melted  2 

7  {  Copper  and  iron, melted  4.5 

8  :  Conner  and  iron,  mel  ted  i  4.5 

2,400 

26.086 

2,800 
2.300 
2,300 
3,500 
3,600 

28.865 
28.220 
25.842 
39. 772 
40.000 

8.870 

0 

Pure  copper,  roiled 1 . .  - . 

1 

8.004 

10 

1 

11 
12 

Copper  and  iron,rolled    4.5 
Copper  and  iron,rolled    4.5 



0.25 

0. 5     0. 5 

1.0 
0.23 

2.5     2.5 
0.75   1.5 

4.73 
3.5 

6.6 

8.801 

i 

1 

! 

*  The  aasay  was  arrested  because  a  blowhole  was  formed  in  the  sample. 

t  The  broken  seel  ion  presents  blowholes. 

X  At  1,600  kilograms  one  lug  of  the  piece  was  broken. 

§  The  sample  broke  without  the  two  pieces  being  entirely  separated. 

(Ann.  de  Chim.  et  de  Phys.,  4  t&rie,  t.  xxx,  Nov.,  1873,  26.) 

Obskrvation.— The  melted  copper  (Nos.  1,  3,  4)  contains  blowholes  which  destroy  its  tenacity.  It 
elongates  under  light  loads,  and  breaks,  also,  under  a  small  load.  The  copper  acquires  a  certain  ten- 
acity by  rolling,  while  the  resistance  of  melted  copper  is  from  10  to  12  Kilograms  per  square  milli- 
meter, that  of  the  same  copper  attains,  by  rolling,  25  to  28  kilograms.  The  ductility  is  less,  and  the 
elongation  becomes  no  longer  evident  under  louds  of  1,800  kilograms. 

The  introduction  of  iron  into  the  copper  leads  to  great  changes  in  the  mechanical  properties  of  the 
metal: 

1st.  If  the  metal  has  been  simply  melted,  it  retains  its  ductility  and  elongates  under  light  loads, 
especially  when  the  quantity  of  iron  exceeds  2  per  cent.  Its  resistance  attains  to  that  of  copper, 
which,  by  rolling,  has  been  reduced  to  half  its  thickness. 

2d.  If  the  metal  has  been  rolled  its  ductility  is  small,  bat  it  presents  a  considerable  resistance  of  30 
to  40  kilograms  per  square  millimeter. 
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These  experiments  were  made  on  bars  of  2  kilograms  weight  prepared 
and  cast  with  care,  then  cut  and  worked  so  as  to  give  them  the  follow- 
ing form : 

In  order  to  determine  the  resistance,  this  piece  was 
firmly  fastened  to  the  Irailding  by  an  iron  fork  fitted  to 
A.  Another  fork  placed  in  B  was  fixed  to  a  bar  form- 
ing a  lever,  at  the  other  end  of  which  was  placed  a  table 
on  which  were  the  weights.  The  experiments  were 
made  at  the  works  of  Graffenstaden  under  the  direc- 
tion of  M.  Brauer. 

This  great  strength  of  copper  containing  iron  should 
not  be  attributed  to  the  deusity  of  the  material,  for  the 
alloyed  copper  which  presented  the  greatest  resistance 
had  a  density  of  8.891 ;  that  is  to  say,  less  than  that  of 
pure  rolled  copper,  which  was  8.904. 

With  the  exception  of  the  metal  bearing  the  numbers 
1  and  2,  all  these  samples  were  melted  with  the  same 
copper,  rolled  to  the  same  point  by  the  same  workman, 
and,  in  short,  treated  in  precisely  the  same  way. 

The  hardness  of  copper  melted,  rolled,  and  alloyed 
with  iron  presents  differences  of  the  same  sort.  We 
give  here  the  results  which  were  obtained  with  the 
Magna  apparatus. 

Depth  of  the  impressions  produced  by  the  same 
blow: 


o 


Mm. 

Copper  melted 2.50 

Copper  rolled 1.50 

Copper  alloyed  with  3  per  cent,  of  cast  iron 1.10 

Copper  alloyed  with  3  per  ceut.  of  rolled  iron 0.90 

Upon  the  whole,  the  introduction  of  trifling  quantities  of  iron  into  the 
copper  destroys  its  great  softness  and  porosity,  and  considerably  in- 
creases its  tenacity  and  hardness,  without  destroying  its  malleability. 

M.  Bobierre,  in  order  to  obtain  some  idea  of  the  resistance  of  different 
metals  to  corrosion,  plunged  some  into  water  containing  alum,  salt,  and 
cream  of  tartar.  I  placed  in  this  liquid  two  plates  of  equal  dimensions, 
one  of  pure  copper,  the  other  of  copper  alloyed  with  2  per  cent,  of  iron. 
The  copper  plate  was  attected  more  quickly  than  the  other,  and  espe- 
cially was  the  portion  of  copper  dissolved  very  strong. 

The  liquor  obtained  with  ferrous  copper  is  green  instead  of  blue. 

At  the  end  of  five  days,  in  operating  upon  two  plates  of  the  same 
size,  weighing  about  15  grammes,  the  plate  of  copper  was  found  to  have 
lost  three  decigrams  more  than  the  plate  of  ferrous  copper. 

§  VII— ALLOYS  OF  COPPER  AND  ZINC. 

The  zinc  which  I  used  had  been  purified  by  two  distillations  in  the 
laboratory  of  the  uSoci6t6de  la  Vieille  Montague?  which  generously  placed 
it  at  my  disposal. 

I  undertook  the  study  of  the  various  physical  properties  of  these 
bodies,  as  I  did  of  the  alloys  of  copper  and  tin,  but  I  was  obliged  to 
give  up  the  examination  of  the  fusibility  and  liquation,  because  the 
place  where  I  had  specially  prepared  for  this  work  at  the  mint  was  not 
left  at  my  disposal. 

I  have  nothing  special  to  say  on  the  subject  of  their  hardness;  it  in- 
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creases  from  the  alloy  90  of  copper  to  that  which  contains  equal  weights 
of  copper  and  of  zinc,  Zn  Cu. 

The  alloy  Zn3  Cu2  and  the  alloy  Zn2  Cn  are  extremely  fragile  and 
break  at  the  first  sho^k  of  the  apparatus  described  before,  and  the  oth- 
ers, containing  more  zinc,  crack  after  a  few  blows. 

The  density  was  determined,  first,  of  some  ingots  weighing  from  60  to 
100  grammes,  then,  on  account  of  the  greatly  differing  texture  of  these 
alloys,  filings  of  them  were  operated  upon  with  the  greatest  possible 
care.  But  it  is  difficult  even  by  a  sustained  vacuum  to  eliminate  all  the 
bubbles  of  air,  and  I  was  afraid  to  heat  the  filings  several  times  in 
water  in  order  to  secure  the  expulsion  of  the  air,  because  water  is  attacked 
by  zinc  and  the  alloys  rich  in  this  metal ;  and,  lastly,  the  volatility  of 
zinc  makes  it  difficult  to  prepare  the  alloys  in  exactly  atomic  proportions. 

I  give  here,  with  these  reservations,  the  results  obtained : 

Table  37. 


J3 

p 

I 

Zn»Cn. 
Zn4Cn 


CZn  89.18) 
{  Cn  10. 82  5 
(  Zn  80. 48  \ 
\C\i  10.52  5 


I 
I 
1 


89.00 
79.30 


Experimental  den- 
sity powder. 


t 


i 


Average. 
7. 383-7. 248      7. 315 

7. 020-7. 807      7. 863     7. 215     7. 478 


lasi 

jg-SflSB 

Q 


(Zn  07.34)1  6J  ^  '  C  8.  015-8. 075  )  anig 
JCq  32.665:  B,,8°  |*  a  012^8. 000  5 

C  8. 048-7. 063  \  A  171  I 

\  8. 378-8. 288  5  *    '     I 


S  Zn  60. 73  ? 
",\C\x  30.27  5 


50.76 
40.23 


I 

40.74? 
59.26  5 
34.02? 
05.08$ 
20. 40  ? 
70.  51  5 
14.  6G  ( 
85.34$ 
0.35? 
00. 65  5 


60.35 

50.30 

49.10 
34.50 
21.80 
14.00 
9.  GO 


7.706  '  7.670 


&  030     7. 783 


f  8.  352-8. 261?  «304 

[  8. 301-8. 374  {  *  J0* 

a  380-8. 268  8.320 

a  331-8. 430  8.390 

8.3S5-&340  &  367  j 

a  730-8. 420  8.584  I 

a900-8.7G7  a  834 


7. 299     7. 351    Material  pray,  like  zinc 

C  Material  gray,  like  ? 
I     fl  brou  a.  5 

C  Metal  of  the  tint  ofi 

<  antimony,  pulver-  > 
(  izuble.  ) 
r  Brilliant  metal,  re- 1 
I  Bumbling  bismuth;  I 
]  less  fragile  than  [ 
[  tlio  preceding.  ) 
(Material  with   long) 

<  fibers  of  a  beanti-  > 
(     ful  golden  yellow.  > 

<  Less  yellow  than  the  ? 
I  preceding.  > 
C  Brass,  ordinary  yel-  ? 
\     low  copper.            5 

do 


a  263 
a  412 

a  410 

a  638 

a  710 

8.753 


7.047 

a  no 

a  345 
a  480 
a  602 
a  707 


I 


do 

C  Substance      resem 
\  blinggold;  similar. 


°1 


1. 7S^. 
Breaks. 


Do. 


Do. 


1.40—. 


2.30 
3.25 
3.50 

2.50 

5 
a  25 


We  see  by  examining  this  table  that  the  contraction  of  the  two  met- 
als in  these  alloys  is  considerable  from  the  second  to  the  sixth ;  it  seems 
to  be  at  its  maximum  in  the  neighborhood  of  the  alloy  Zn8  Cu2,  which  is 
also  remarkable  like  the  preceding  one  in  that  it  possesses  none  of  the 
physical  and  mechanical  properties  which  are  utilized  in  the  metals. 
They  are  eminently  crystalline  and  fragile,  and  appear  to  be  in  the 
series  of  these  alloys  what  the  alloys  Sn  Cu3  and  Sn  Ou4  are  in  the  alioys 
of  copper  and  tin.  The  theoretical  destiny  has  been  calculated  with  the 
number  of  7.20  that  1  found  to  be  the  average  of  four  concordant  determi- 
nations on  metallic  zinc.  Afterward  the  action  that  tempering,  anneal- 
ing, and  rolling  exert  on  the  principal  brasses  utilized  in  manufacture 
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was  determined ;  a,  yellow  brass  containing  65  parts  copper  and  35  zinc; 
bj  metal  of  97  parts  copper  and  9  zinc. 

1.  Alternate  tempering  and  annealing. 

a.  Brass. 

Table  38. 


Density. 


I. 
P=77«r.071. 


n. 

P=82r.571. 


After  rolling 

After  annealing. 
Alter  tempering 
After  annealing 
After  tempering 
Alter  annealing. 


8.407 
a  408 
8.412 
0.405 
a  417 
a  410 


a  406 

a  413 
a  415 
a  415 
a  418 
a  414 


After  rolling 

After  tempering . 
After  annealing.. 
After  tempering . 
After  annealing.. 
After  tempering . 


Density. 


ni. 

P  =80^.782. 


a  400 
a  400 

a  401 
a  417 

a407 

a  431 


TV. 

P=«**.07«. 


a  417 
a  411 
a  400 
a  413 
a  411 

a  434 


b.  Similar. 


Table  : 


Density. 


P=9 


n. 

P=94«r.68& 


After  rolling — 
A  tter  tempering 
After  annealing. 
After  tempering 
After  annealing. 
After  tempering 


8.812 
a  814 
8.813 
a  812 
a  813 

a  814 


a  817 
a  819 
a  814 
a  8i4 
a  815 
a  8i4 


After  rolling — 
After  annealing. 
After  tempering 
After  annealing. 
After  tempering 
After  annealing. 


Density. 


in. 

P  =  Mf.805. 


a  818 
a  813 

a  8i2 
a  810 
a  814 
a  815 


IV. 
P=92r.202. 


a  818 
a  8i7 
a  810 
a  812 
a  8i3 
a  813 


Thus  tempering  increases  the  density  of  annealed  brass,  a.    These  two 
operations  do  not  cause  any  apparent  modifications  in  the  volume  of  b. 
2.  Alternate  annealing  or  tempering  and  rolling, 
a.  Brass. 
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Density. 


I. 

n. 

P»81f.806. 

P  =  87*.447. 

a  409 

a  412 

a  410 

a  411 

8.414 

a  415 

a  431 

a  427 

8443 

8.436 

8433 

8.436 

a  439 

a  444 

8.437 

a  437 

8.439 

8.437 

a  445 

8.443 

After  rolling — 
After  tempering 

Alter  rolling 

After  tempering 

After  rolling 

After  tempering 

After  rolling 

After  tempering 

After  rolling 

After  tempering 


Density. 


HI. 
P  =  76*.412. 


IV. 
P=98«M72. 


After  rolling. . .  ■ 
After  annealing. 
After  rolling — 
After  annealing 
After  rolling  ... 
After  annealing. 
After  rolling  — 
After  annealing. 
After  rolling  — 
After  annealing. 


a  408 
a  411 
8.417 
8.409 
a  424 
a  398 
a  425 
8.414 
a  437 
a  421 


a  411 
a  415 
a  419 
a  417 

a  427 
8.402 
8.432 
8.424 
a  442 
8.430 


Table  41. 


Density. 


P  =  92^.848. 


II. 
P  =  94sr.365. 


After  rolling — 
After  tempering 

Alter  rolling 

After  tempering 
After  rolling  ... 
After  tempering 

After  rolling 

After  tempering 
After  rolling  ... 
After  tempering 


a  819 
a  818 
8.813 
a  817 
a  819 
a  817 

a  818 
a  811 

a  822 

a  817 


8.820 
8.820 
8.814 
a  819 
8.818 
8.817 
8.816 
8.812 
a  811 
8.819 


Density. 


m. 

IV. 

P~  87^.566. 

P  =  93^.566. 

8.819 

a  819 

&  817 

a  812 

8.816 

a  817 

8.822 

a  816 

a  818 

a  818 

a  819 

a  819 

a  815 

a  818 

a  813 

a  8i8 

a  819 

8.820 

a  806 

8808 

After  rolling 

After  annealing. 

After  rolling 

After  annealing. 

After  rolling 

After  annealing. 
After  rolling  ... 
After  annealing. 

After  rolling 

After  annealing. 
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In  tliese  experiments  the  thickness  was  reduced  from  20  milimetera 
to  2.  It  is  shown  by  these  numbers  that  the  density  of  brass  is  dimin- 
ished by  annealing  while  it  is  increased  by  rolling,  and  that  the  density 
after  a  long  series  of  operations  varies  but  little.  The  density  is  increased 
still  more  by  tempering.  It  is  said  by  the  experienced  that  annealing  is 
preferable  to  tempering  in  working  with  brass. 

Metal  h  (similar)  shows  no  material  variation  in  its  volume  after  these 
prolonged  operations,  and  after  a  considerable  thinning.  The  same 
thing  is  true  in  regard  to  aluminium  bronze,  which,  like  the  metal  6,  is 
capable  of  being  worked  to  a  remarkable  degree. 

§  VIII.— BRONZES  OF  ALUMINIUM. 

Alloy  of  copper  and  nickel. 

The  bronzes  came  from  P.  Mouri  &  Co.'s. 
1st.  a.  Bronze  with  10  per  cent,  of  aluminium. 

Table  42. 


Density. 


I. 

n. 

P-=120r.588. 

P  =  120^.275. 

7.705 

7.704 

7.708 

7.704 

7.706 

7.705 

7.707 

7.707 

7.703 

7.704 

7.703 

7.702 

7.701 

7.702 

7.600 

7.703 

After  casting.... 
After  tendering. 
After  annealing 
After  tempering . 
After  annealing 
After  impact  — 
After  tempering . 
After  impact .... 


b.  Bronze  with  5  per  cent  of  aluminium. 

Table  43. 


After  casting  . . . 
After  tempering 
After  annealing. 
After  tempering 
After  annealing. 
After  impact .... 
A  fter  tampering 
After  impact 


Density. 


I. 

U. 

P  =  120*. 575. 

P«129r.l61. 

a  252 

*  a  262 

8.269 

a  259 

8.255 

'  8.202 

a  257 

a  262 

a  257 

a  262 

a  264 

8.264 

a  263 

a  264 

a  263 

a  265 

Tempering,  annealing,  and  mechanical  action  produce  no  noticeable 
variation  in  the  volume  of  these  alloys,  of  which  the  working  is  very 
regular. 

2d.  Alloy  of  copper  50,  zinc  30,  nickel  20,  used  in  the  manufacture  of  coin 
for  the  Honduras. 
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Density. 


I. 

P  =  9W.175. 


II. 

P  =  86^.730. 


After  casting . . . 
After  tempering 
After  annealing. 
After  tempering 
After  annealing. 


8.539 
8.529 
a  524 
8.500 
a  510 


a  530 
a  524 
a  520 
8.504 
8.504 


Density. 

III. 

P  =  110^.004. 

After  casting 8.505 

After  striking 6.586 

After  Annealing 8.556 

After  striking 8.589 

After  tempering 8.577 

After  striking a.  589 

Density  which  is  increased  by  mechanical  action  is  diminished  by  the 
action  of  heat. 

§  IX— SOFT  IRON.— CAST  IRON— GLASS. 

1st.  Soft  iron. — The  metal  was  of  good  iron  having  the  form  of  a  par- 
allelopiped.  It  was  heated  in  a  porcelain  tube  in  the  midst  of  a  current 
of  dry  hydrogen.    The  aunealing  continued  for  two  or  three  hours. 

Table  45. 


After  filing 

After  annealing 

After  tempering 

After  annealing 

After  impact     

After  annealing 

After  impact 

After  annealing 

After  impact 

After  repeated  impact 


Density. 


I.  I  II. 

P  =  75f .  110.        P  =  54i'.990. 


7.853 
7. 853 
7.  aw 
7.854 
7.845 
7.845 
7.842 
7.841 
7.843 
7.844 


7.840 
7.850 
7.845 
7.840 
7.840 
7.845 
7.841 
7.841 
7.844 
7.847 


Density. 


in. 

P  =  75r.H0. 


IV. 
P  =  54^.990. 


After  filing 

After  tempering 

After  annealing 

After  tempering 

After  impact 

After  annealing 

After  impact 

After  annealing 

After  impact 

After  repeated  impact 


7.853 
7.846 
7.853 
7,850 
7.847 
7.840 
7.845 
■J.  843 
7.847 
7.846 


7.852 

7.848 
7.853 
7.  851 
7.t?47 
7.846 
7.844 
7.844 
7.848 
7.850 
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2d.  Gray  cast  iron — its  permeability  to  liquids. — It  was  impossible  to 
determine  the  variations  in  volume  which  gray  cast  iron  undergoes  when 
tempered  or  annealed,  because  it  is  permeable  to  liquids.  This  porosity 
is  very  great,  whether  the  metal  be  heated  in  coal  dust  or  expos td  to  the 
air  during  the  operation. 

a.  Cast  iron  reheated  in  coal : 

Table  46. 


Density. 


II. 


m. 


IV. 


After  annealing. 
After  tempering 
After  annealing. 


7.089 
7.025 
6.844 


7.098 
7.040 
6.914 


7.114 
7.039 
6.933 


7.080 
7.019 
6.914 


My  attention  having  been  called  to  the  great  diminution  in  density,  I 
weighed  the  samples,  and  ascertained  that  their  weights  increased  con- 
siderably in  water  under  the  ordinary  pressure.    Gthus  they  weighed— 

Gr. 

After  the  preceding  annealing 75. 512 

And  after  20  minutes  in  water 75. 585 


Gr. 
75.668 
75.770 


Gr.  Gr. 

70. 191  73. 134 

70. 265  Not  weighed. 


Gain  in  weight 0.073  0.102  0.074 

The  following  table  shows  that  this  increase  in  weight  takes  place 
with  non-oxygenized  liquids  like  benzine,  and  that  it  is  due  simply  to  the 
absorption  of  the  liquid,  for  by  merely  being  exposed  to  the  air  cast  iron 
regains  its  original  weight. 


Table  47. 


Gr. 


Weight. 
Weight 

Weight 
Weight 
Weight 

Weight 
Weight 
Weight 


of  a  sample  of  fine  gray  steel  annealed  in  coal 64. 937 

of  this  sample  after  20  hours1  immersion  in  benzine 65. 018 

of  this  sample  after  24  hours  in  the  air 64.940 

of  this  sample  after  a  second  annealing  of  3  hours 64. 996 

of  this  sample  after  3  hours'  immersion  in  benzine 65. 110 

of  this  sample  after  24  hours'  in  the  air 65, 001 

of  this  sample  after  a  third  annealing  of  3  hours 65. 100 

of  this  sample  after  20  hours'  immersion  in  benzine 65. 275 


Gain  in  weight 
of  the  liquid. 


0.081 


0.114 


0.175 


Weight  of  this  sample  after  24  hours  in  the  air 65.103 

Cast  iron,  known  to  be  porous,  was  filed  to  a  thickness  of  1  millime- 
ter over  the  whole  surface,  then  immersed  in  benzine.  The  permeability 
was  restored  in  the  inner  layers. 

A  third  series  of  experiments  was  made  in  order  to  determine  the 
effect  of  annealing  and  tempering  on  this  porosity,  and  the  results  are 
here  given : 

Table  48. 

Gr. 

Weight  of  a  sample  of  tempered  cast  iron 70.215 

Weight  of  a  sample  after  a  half  hour  in  benzine 70.270 

Weight  of  a  sample  after  48  hours  in  the  air 70.214 

Weight  of  a  sample  after  24  hours  in  benzine 70.311 


Gain  in 
weight 


0.055 


0.095 
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Gain  in 
weight. 


0.091 


0.087 


0.138 


Gr. 

Weight  of  a  sample  after  48  hours  in  the  air 70.216 

It  was  thoroughly  annealed. 

Weight  in  the  air :  0.304 

Weight  after  18  hoars  in  benzine 70.395 

Weight  after  48  honrs  in  the  air 70.306 

Weight  of  a  sample  of  annealed  cast  iron 75.733 

Weight  of  same  after  half  an  hoar  in  benzine 75.820 

Weight  of  same  after  48  hours  in  air 75.735 

Weight  of  same  after  24  hoars  in  benzine 75.875 

0.140 

Weight  of  same  after  48  honrs  in  air 75.735 

It  was  tempered  hard. 

Weight  in  the  air 75.761 

Weight  after  18  hours  in  benzine 75.893 

Weight  after  48  hoars  in  air 75.758 

b.  Cast  iron  reheated  in  a  crucible  placed  in  the  muffle. 

Table  49. 

Weight  of  a  sample  of  fine  gray  cast  iron  annealed  in  the  open  air 63. 652 

Weight  of  this  sample  after  an  immersion  of  20  hours  in  benzine 63. 830 

Weight  of  this  sample  after  being  exposed  to  the  air  for  24  hours 63. 755 

Weight  of  this  sample  after  a  second  annealing  of  3  honrs  in  the 

muffle 60,362 

Weight  of  this  sample  after  20  hours'  immersion  in  benzine 60. 493 

Weight  of  this  sample  after  24  hours'  exposure  to  the  air 60. 362 

Weight  of  this  sample  after  a  third  annealing  in  the  muffle 55.523 

Weight  of  this  sample  after  20  hours'  immersion  in  benzine 55. 700 

Weight  of  this  sample  after  24  hours'  exposure  to  the  air 55. 525 

Steel,  soft  iron,  brass,  and  bronze  under  the  same  conditions  do  not  vary 
in  weignt. 

3d.  Glass  and  crystal. — MM.  Chevandrier  and  Wertheim  have  shown* 
that  annealing  increases  the  density  of  glass  and  crystal.  I  made  some 
experiments  on  these  materials  as  limits  of  compression  in  order  to  de- 
termiue  whether  the  alternate  action  of  tempering  and  annealing  affects 
this  density.  I  found  that  tempering  materially  diminishes  this  density, 
while  annealing  tempered  glass  increases  it,  and  reciprocally. 

Table  50. 


0.078 


0.131 


0.177 


Crystal  of  M.  Maes. 
Samples  weighing  from  11  to  180  grammes. 


Density. 

A fter Pimealing  r . .  * . ,.r 

8.110 
3.104 
3.102 
3.103 

3.111 
8.103 
8.103 
3.109 

3.110 
3.104 
3.101 
3.107 

8.110 

3.110 

The  same  not  annealed - 

3.090 
8.106 

These  last  annealed 

*  MM.  Chevandrier  and  Wertheim,  Ann.  de  Chxm.  et  de  Phys.,  3  slrie,  t.  xix,  p.  137. 
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Flint  of  M.  Feil. 
Samples  weighed  60  to  70  grammes. 


After  annealing. 
After  tempering 

After  tempering 
After  annealing. 


Crown  of  M.  Feil. 


After  annealing . 
After  tempering 

After  tempering 
After  Lnnealing . 


2.543 
Broke. 


B.1&SUM& 


1st.  The  alloys  of  copper  and  tin  prepared  in  atomic  proportions  ex- 
hibit a  sensible  liquation  with  the  exception  of  those  which  correspond 
to  the  formulae  Sn  Cu3  and  Sn  Cu4.  This  liquation,  slight  from  the  alloy 
Sn  Cu2,  increases  in  the  alloys  which  differ  from  it  in  their  composition, 
but  it  is  especially  great  in  the  alloys  containing  a  large  proportion  of 
tin.  By  reason  of  this  fact  it  has  been  impossible  to  determine  the  fusi- 
bility of  any  except  the  two  alloys  given  above  (§  I). 

2d.  The  alloy  Sn  Cu3  is  characterized  by  special  properties.  It  has  a 
different  color  from  the  others ;  it  is  pulverizable ;  it  exhibits  no  sensible 
liquation,  and  it  is,  of  all  the  various  alloys  of  copper  and  tin,  the  one  in 
which  the  contraction  is  at  its  maximum.  It  is,  then,  the  homogeneous 
alloy  of  copper  and  tin,  as  the  alloy  Ag3  Cu4  is  the  homogeneous  alloy  of 
copper  and  silver.  In  paragraph  II  is  given  the  density  of  the  principal 
alloys  of  copper  and  tin  prepared  in  atomic  proportions.  An  idea  of 
their  hardness  is  given  in  the  following  paragraph. 

3d.  The  bronzes  rich  in  tin  (18  to  22  per  cent.)  increase  in  density  with 
tempering ;  and  annealing  lessens  the  density  of  tempered  bronze,  but 
in  a  less  proportion.  The  density  is  considerably  increased  by  the  alter- 
nate action  of  tempering  and  annealing,  and  of  the  press.  These  effects, 
the  reverse  of  those  in  steel,  coincide  with  the  fact  that  tempering  softens 
bronze  while  it  hardens  steel  (§  IV). 

4th.  This  softening,  discovered  by  D'Arcet,  is  not  sufficient  to  allow 
of  this  bronze  being  worked  cold  for  industrial  purposes.  It  was  shown 
in  paragraph  IV  that  this  metal — extremely  hard  when  cold  and  pulver- 
izable at  red  heat — is  forged  and  rolled  at  dark  red  heat  with  remarkable 
facility.  This  fact  enabled  me,  in  common  with  M.  Champion,  to  succeed 
in  the  manufacture  of  tamtams,  and  other  sonorous  instruments,  by  the 
method  followed  in  the  East. 

5th.  Tempering  produced  no  apparent  softening  in  the  bronzes  less  rich 
in  tin  (12  to  6  per  cent.);  and  if  they  are  tempered  for  industrial  uses  it 
is  more  especially  in  order  to  detach  the  oxide  produced  during  the  re- 
heating of  the  matter  in  the  course  of  the  operations  (§  VI). 

6th.  It  was  found  that  in  the  axis  of  a  cannon,  and  especially  toward 
the  muzzle,  there  are  some  parts  very  rich  in  tin  and  in  zinc.    Yet  the 
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axis  is  less  rich  in  tin  than  the  periphery.    The  density  does  not  increase 
from  the  muzzle  to  the  breech. 

'  7th.  Bronzes  of  3  and  4  per  cent,  of  tin  possess  some  great  advantages 
and  no  important  disadvantages,  when  used  in  the  manufacture  of  med- 
als. 

8th.  The  density  of  copper  (§  VI),  subjected  alternately  to  mechanical 
action,  then  to  tempering  or  annealing,  displays  inverse  variations  accord- 
ing as  it  is  exposed  to  the  air  or  sheltered  from  it  during^the  reheating; 
while  in  the  first  case  the  mechanical  action  increases  the" density,  in  the 
secoud  mechanical  action  diminishes  the  density. 

9th.  Some  copper,  non-porous,  becomes  sufficiently  so  by  being  re- 
heated in  coal  dust  to  acquire  permeability  to  liquids  (§  VI). 

10th.  Intense  heat,  prolonged  rolling,  and  the  oxide  which  forms  when 
the  metal  is  exposed  to  the  air  during  reheating,  render  small  quantities 
of  iron  permeable  to  liquids. 

11th.  The  introduction  of  small  quantities  of  iron  into  the  copper 
gives  to  it  considerable  tenacity  without  destroying  its  ductility;  while 
rolled  copper  offers  a  resistance  of  28  kilograms  per  square  millimeter, 
that  of  ferrous  copper  rolled  in  the  same  conditions  attains  to  40  kilo- 
grams.   The  hardness  increases  equally  (§  VI). 

12th.  The  alloys  of  copper  and  zinc  Zn2  Cu3,  Zn2  Cu,  are  brittle,  like 
the  bronzes  Sn  Cu3,  Sn  Cu4;  they  have  none  of  the  physical  properties 
utilized  in  the  metals,  and  the  maximum  of  contraction  takes  place  near 
them  (§  VII). 

13th.  Mechanical  action  increases  the  density  of  yellow  brass,  and 
this  effect  is  counteracted  in  part  by  tempering,  and  especially  by  anneal- 
ing. It  is  thought  that  annealing  is  preferable  to  tempering  in  working 
with  brass. 

14th.  Mechanical  action,  tempering,  and  annealing  do  not  sensibly 
change  the  volume  of  similor  and  of  the  bronzes  of  aluminium,  alloys 
remarkable  for  the  facility  with  which  they  can  be  worked  (§  VIII). 

15th.  Gray  cast  iron  heated  in  coal  dust  or  even  in  an  empty  box 
surrounded  with  coal,  acquires  such  a  porosity  that  it  becomes  very  per- 
meable to  liquids  (§  IX). 

16th.  It  becomes  equally  porous  when  heated  in  an  empty  crucible 
placed  in  a  muffle,  and  when  the  sample  is  filed  in  order  to  remove  the 
oxide  which  is  formed.    Copper  is  not  porous  in  this  last  condition. 

17th.  1  attempted  to  determine  minutely  the  modifications  which  the 
density  undergoes  through  tempering,  annealing,  and  mechanical  action, 
repeated  alternately  a  certain  number  of  times,  and  the  effects  observed 
were  different  While  mechanical  action  increases  the  density  of  the 
bronzes  rich  in  tin,  especially  (Table  8)  of  porous  copper  (Table  28),  of 
copper  alloyed  with  iron  (Table  35),  of  brass,  it  evidently  diminishes  the 
density  of  copper  exposed  to  the  air  during  reheating  (Table  23),  and  it 
produces  no  noticeable  alteration  in  the  volume  of  similor  or  of  alumini- 
um bronze.  Tempering  produces  on  brass,  aud  especially  on  the  bronzes 
rich  in  tin  previously  annealed,  an  increase  in  density  (Tables  5,  6,  and 
7)  contrary  to  what  takes  place  in  steel  (Table  11),  copper  (Tables  27 
and  28),  and  glass  (Table  50). 

It  will  be  perceived  that  tempering  diminishes  the  density  of  a  body, 
because  the  surface  cooled  before  the  center  cannot  contract  freely  by 
reason  of  the  resistance  that  the  interior  parts  dilated  at  this  moment 
offer  to  contraction. 

Copper  and  tin  and  copper  and  zinc  contract  when  they  unite,  and 
for  the  rest,  the  alloys  formed  experience  large  liquation.  May  it  not  be 
possible  that  by  slow  cooling  a  part  of  the  copper  and  of  the  tin,  or  of 
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the  zinc  separates,  a  phenomenon  which  should  cause  a  diminution  in 
density,  and  which  cannot  take  place  when  the  cooling  is  sudden.  I  am 
endeavoring  to  clear  up  this  point  by  the  study  of  various  slight  chem- 
ical actions  on  these  alloys  and  by  examining  the  modfiications  which 
take  place  in  the  density  of  the  alloys  formed  with  dilatation  of  the 
metals  which  constitute  them. 

I  may  be  allowed,  in  closing,  to  thank  M.  Dumas  and  M.  Poussierre 
for  the  facilities  lor  working  which  they  procured  for  me  at  the  mint 
where  these  researches  were  carried  on. 
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